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Introduction

Advanced prostate cancer continues to kill 32,000 men per year in the United States.
Despite strides in obtaining partial, temporary remissions in men with advanced disease through
the use of hormones and chemotherapeutic agents, there is no curative therapy for advanced
prostate cancer. Most prostate cancers are responsive to androgens, and androgen withdrawal
(i.e., surgical or medlcal castration) is the main form of treatment for advanced (i.e.
disseminated) disease.! The failure of primary hormone therapy is attributed to androgen-
independent tumor expansion. Although the androgen receptor (AR) is present in these cells, it
is nonfunctional.? These cells have been shown to prohferate by other means, such as insulin-
like growth factor (IGF)® and interleukin-6 (IL- 6).* Many androgen independent cells survive by
acquired resistance to many apoptotic factors, such as TNF- -0.> At this point, there is no clear
explanation as to why prostate cancer cells develop androgen independence. We believe that the
CBP [CREB (cAMP response element binding protein)-binding protein] may play a critical role.

CBP is a transcriptional co-regulator that mteracts with different DNA binding proteins
and components of the general transcn[?tlon machmery It is a bridging factor between CREB
and the basal transcriptional apparatus.” In addition to CREB, CBP associates with several other
sequence- spe01ﬁc factors, including NF-xB and AR.* Both NF-xB and AR require CBP for their
transactivation.® However, CBP has a greater affinity for NF-xB than AR.® As demonstrated in
our preliminary data, if NF-kB is active, AR is 1nact1ve NF-«xB has already been implicated in
the negative regulation of the rat AR gene promoter

NF-xB is held in the cytoplasm by its inhibitor, IkBa. This retention is uncoupled by
many extracellular signals, including TNF-a. Through a series of events, TNF-a causes
phosphorylation of IxBa which rapidly gets degraded and releases NF-kB. Once released, NF-
kB translocates to the nucleus, binds CBP, and begins transcription. We investigated the role of
NF-xB in androgen sensitive and insensitive cells and then applied this to designing new
therapies for prostate cancer.

Body
The original specific aims of our proposal were to:

Specific aim 1: Create stable cell lines of LNCaP (PSA-producing; androgen sensitive), PC-3
(non-PSA-producing; androgen insensitive), and C4-2B (PSA-producing; androgen insensitive)
containing the PSA-IxBa “super repressor” construct.

Specific aim 2: Use animal models to demonstrate that PSA-IxBa “super-repressor” construct is
stable and functionally effective in vivo.

Specific aim 3: Demonstrate that transfection of the PSA-IxBo, “super-repressor” results in re-
expression of a functional androgen receptor.

We were able to achieve specific Aim 1 and report that by transfecting cells with a IKBa
super repressor, we were able to induce apopt051s in previously resistant cells utilizing TNF- -a.!
The IxBa super repressor caused re-expression of the androgen receptor ! We then went on to
investigate how the androgen receptor and apoptosis was related in androgen sensitive and




insensitive PC cells.'?> We found that androgen sensitive cells used a different caspase pathway
than Al cells, suggesting that we may be able to develop better therapeutic strategies for different
populations of cancer cells.'> '™ We next demonstrated that stromal and cytokine components of
the tumor microenvironment can effect sensitivity to androgen and behavior of the cancer cells.”?
Therefore, we have made several contributions to how androgens interact with AS and Al
prostate cancer cells.

Key Research accomplishments

e The androgen receptor is still functional in Al cells, but that function is masked.
e Chemotherapeutic agents use different apoptotic pathways in AS and Al cells.

Reportable outcomes
The manuscripts and abstracts (appended) listed below reflect the work accomplished

with the support of this award. In addition, this award served as a springboard to a tenure track
position for Dr. Cooper as an Assistant Professor of Biological Sciences at the University of
Delaware-Newark. Personnel who have received pay from this research effort are:

Heather Muenchen, Ph.D. — Investigator

Carlton R. Cooper, Ph.D. - Investigator

Kenneth J. Pienta, M.D. — Project Mentor

Manuscripts

Muenchen, H.J., Lin, D.L., Walsh, M.A., Keller, E.T., Pienta, K.J. Tumor necrosis factor-alpha-
induced apoptosis in prostate cancer cells through inhibition of nuclear factor-kappaB by
an I kappa B alpha “super repressor.” Clin Cancer Res 6:1969-77, 2000.

Muenchen, H.J., Quigley, M.M., Pilat, M.J., Lehr, JL.E., Brumfield, S.K., Mahoney, M., Pienta,
K.J. The study of gemcitabine in combination with other chemotherapeutic agents as an
effective treatment for prostate cancer. Anticancer Research 20:735-40, 2000.

Williams, J.F., Muenchen, H.J., Kamradt, J.M., Korenchuk, S., Pienta, K.J. Treatment of
androgen-independent prostate cancer using antimicrotubule agents docetaxel and
estramustine in combination: an experimental study. The Prostate 44:275-278, 2000.

Muenchen, H.J., Poncza, P.J., Pienta, K.J. Different docetaxel-induced apoptotic pathways are
present in prostate cancer cell lines LNCaP and PC-3. Urology 57:366-370, 2001.

Cooper, C.R., Bhatia, J K., Muenchen, H.J., McLean, L., Hayasaka, S., Taylor, J., Poncza, P.J.,
Pienta, K.J. The regulation of prostate cancer cell adhesion to human bone marrow
endothelial cell monolayers by androgen dihydrotestosterone and cytokines. Clin Exp
Metastasis 19:25-33, 2002.

Abstracts

Muenchen, H.J., Linn, D.L., Walsh, M.A., Keller, E.T., Pienta, K.J. Expression of clusterin in
androgen independent prostate cancer cells after transfection with an IkBa “Super-
Repressor.” Proc AACR 41:4045, 2000.




Muenchen, H.J., Lin, D.L., Walsh, M.A., Keller, E.T., Pienta, K.J. TNF-alpha insensitive
prostate cancer cells experience apoptosis when transfected with an IkBa “super
repressor.” Proc AUA 163:436a, 2000.

Cooper, C.R., Bhatia, J., Muenchen, H.J., McLean, L., Poncza, P., Pienta, K.J. The role of
androgen and cytokines in prostate cancer cell adhesion to human bone marrow
endothelial cell monolayers. Proc AACR 42:774, 2001.

Muenchen, H.J., Lin, D.L., Gendernalik, J.D., Keller, E.T., Pienta, K.J. Repression of androgen
receptor in androgen-sensitive LNCaP prostate cancer cells through inhibition of NF-kB.
Proc AACR 42:2313, 2001.

Muenchen, H.J., Lin, D.L., Poncza, P., McLean, L.L., Dirette, M.L., Keller, E.T., Pienta, K.J.
Functional androgen receptor re-expression in androgen-independent prostate cancer
cells. Proc AACR 42:674, 2001.

Muenchen, H.J., Poncza, P.J., Pienta, K.J. Docetaxel induces different apoptotic pathways in
prostate cancer cells LNCaP and PC-3. Proc AACR 42:2331, 2001.

Muenchen, H.J., Lin, D.L., Poncza, P.J., McLean, L.L., Dirette, M.L., Keller, E.T., Pienta, K.J.
Renewed sensitivity to androgen and anti-androgen in androgen-independent prostate
cancer cells through re-expression of androgen receptor by an IkB "Super-Repressor."
Proc AUA 165:179, 2001.

Muenchen, H.J., Lin, Gendernalik, J.J., Keller, E.T., Pienta, K.J. Inhibition of NF-kB blocks
IGFBP-2 transcription and results in repression of androgen receptor in androgen-
sensitive LNCAP prostate cancer cells. Proc AUA 165:196, 2001.

Conclusions

This has been a highly successful award that has resulted in key discoveries related to
androgen receptor function and sensitivity to chemotherapy. Dr. Cooper used this award as a
springboard to a tenure track position as an Assistant Professor of Biological Sciences at the
University of Delaware-Newark.
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Tumor Necrosis Factor-a-induced Apoptosis in Prostate Cancer
Cells through Inhibition of Nuclear Factor-kB by an

IkBa “Super-Repressor””
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[H.J.M., M. A. W., K. J. P}, Department of Animal Medicine,
Division of Pathology, [D-L. L., E. T. K], and Department of
Surgery, Division of Urology [K. J. P.], University of Michigan, Ann
Arbor, Michigan 48109

ABSTRACT

Prostate cancer patients experiencing a relapse in dis-
ease often express high serum tumor necrosis factor-o
(TNF-a) levels. Many androgen-insensitive prostate cancer
cells are TNF-a insensitive because of the expression of
antiapoptotic genes as part of the nuclear factor-xB (NF-«xB)
family of transcription factors. NF-kB stimulates gene tran-
scription when expressed in the nucleus; however, in resting
cells, this nuclear import is prevented by association with the
cytoplasmic inhibitor IxBa. This cytoplasmic retention of
NF-kB is uncoupled by many extracellular signals including
low levels of TNF-a. During normal cell activation, nuclear
translocation of NF-kB is preceded by phosphorylation and
degradation of IxBa. When phosphorylation is blocked,
IxBa remains intact, thereby blocking NF-kB translocation
to the nucleus and subsequent activation of antiapoptotic
genes that cause TNF-« insensitivity. We tested whether a
“super-repressor’” of NF-kB activity could be transfected
into prostate cancer cells and make them TNF-« sensitive.
PC-3 and LNCaP cells were stimulated with TNF-a (10
ng/ml) for 24 h in the presence or absence of the IkBa
“super-repressor” (p6R-IkBg;, 4 . s364)- NF-kB activity was
measured by electrophoretic mobility shift assay and the
steady state levels of the cytoplasmic IxBa protein were
measured by Western blot. Secretory IL-6 and IL-6 mRNA
were measured by ELISA. p6R-IxBg;,, . s364 blocked the
stimulation of NF-kB activity by TNF-a in prostate cancer
cells. It also subsequently decreased IL-6 production by
TNF-a. We conclude that these data demonstrate that inhi-
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bition of NF-kB selectively sensitizes previously insensitive
prostate cancer cells to TNF-c.

INTRODUCTION

TNF-o2 is known to possess potent antitumor activity both
in vivo (1) and in vitro (2, 3). TNF-a is a polypeptide mediator
of a variety of cellular responses, including apoptotic or necrotic
cell lysis and proliferation (4, 5). It is predominately released
from macrophages in response to foreign microbial components
and has been established as an important mediator of tumor cell
death, as demonstrated in previous experiments by others as
well as the principal investigator and colleagues (3, 6-8).

TNF-a is not released from prostate cancer cells them-
selves but from associated macrophages after a relapse in dis-
ease (9). Studies have shown that patients with hormone-refrac-
tory prostate cancer demonstrate high serum TNF-a levels as
compared with untreated patients (9-12). The relationship be-
tween TNF-o sensitivity and hormone responsiveness has not
yet been explored. However, androgen-insensitive prostate can-
cer cells, PC-3 and JCA-1, have proven to be TNF- insensitive,
whereas androgen-sensitive prostate cancer cells, LNCaP, are
TNF-a sensitive (13).

TNF-« triggers a number of signal transduction processes,
which lead to either apoptosis or proliferation based on the
TNF-a threshold of a cell. Most cells do not undergo apoptosis
when exposed to low levels of TNF-a (Fig. 1A). This is likely
a protective mechanism by the cell based on the induction by
TNF-a of antiapoptotic genes such as A20, the Bcl-2 family
member Al, manganese superoxide dismutase, and cellular in-
hibitor of apoptosis-2, all targets of the NF-kB family of tran-
scription factors (14). It is this activation of antiapoptotic genes
that makes cells insensitive to TNF-a-induced apoptosis. Ap-
optosis is induced by high levels of TNF-o binding to its
receptor, TNF-RI, and activating members of the caspase family
of proteases (Fig. 1B; Ref. 14). TNF-a-insensitive cells do not
undergo TNF-a-induced apoptosis, regardless of the amount of
TNF-a present (Fig. 1C). Instead, TNF-a causes constitutive
expression of antiapoptotic genes protecting the cells from TNF-
a-induced apoptosis.

Eukaryotic NF-kB is a well-established inducible tran-
scription factor of great importance in cytokine-mediated in-
flammation (15). It is responsible for the rapid induction of
many cytokines and adhesion molecules involved in the inflam-
matory and immune response systems (15, 16). Specifically,
NF-kB participates in the activation of TNF-a-dependent ex-

3 The abbreviations used are: TNF-a, tumor necrosis factor-o; NF-«B,
nuclear factor-kB; IL, interleukin; EMSA, electrophoretic mobility shift
assay; PSA, prostate-specific antigen.




1970 Prostate Cancer Cell Apoptosis via IkBa Super-Repressor

Caspase 8

O
IxBIN F-xB
y

NF-xB

\
Caspase cascade

Apiptosis

Antiapoptotic

Normal Cells

TNF-a TNF-o

B' WTNF.QWTNF-(:
A%

TNF-a
NJJ1 TINFRI

Caspase 8
1xB/NF-xB

\
Caspase cascade

Apiptosis

NF-xB

Antiapoptotic
genes

Cell death

Normal/TNF-sensitive Cells

c TNF-o
[l TNF- -
o TNF_;[]}?TNF o

TNF-o
NI TNF-RI

Caspase 8

@
[kB/NF-kB
*

NF-«kB

\
Casp.!se cascade

Aptptosis

Antiapoptotic
genes

Viable cells

TNF-insensitive Cells

Fig. 1 llustration demonstrating the differences between normal (A), nor-
mal/TNF-a-sensitive (B), and TNF-a-insensitive (C) cells. FADD, Fas-
associated death domain; TRADD, TNFRI-associated death domain;
TRAF?2, TNF receptor-associated factor; P, phosphorylate; Ub, ubiquitinate.

IxBo $32A/S36A mutant

$ 1
PR DRLIDSGLDSMKD SV40 Splice/polyA

QZZ— A

Fig. 2 Schematic representation of p6R-IkBgz;4 4 5364 (18)-

pression of IL-6, intercellular adhesion molecule-1, and matrix
metalloproteinase-9, among others, in various cell systems (17,
18). IL-6, an inflammatory cytokine, is a known autocrine and
paracrine growth factor in androgen-insensitive human prostate
carcinomas (17). Intercellular adhesion molecule-1 is an estab-
lished adhesion molecule involved in prostate cancer metastasis
(17), whereas matrix metalloproteinase-9 plays an essential role
in the destruction of the basement membrane because of its
ability to proteolyze type IV collagen (18).

The prototypical form of NF-kB is a heterodimeric induc-
ible complex containing two DNA binding subunits, p50 (NF-
kB1) and p65 (RelA), both of which belong to the Rel family of
transcription factors (19, 20). This heterodimer is the most
potent gene transactivator within the NF-«B family (21). When
NF-kB is expressed in the nucleus, it stimulates gene transcrip-
tion via the potent transactivation domain located within the
COOH-terminal half of RelA (22). However, in resting cells, the
nuclear import of NF-kB is prevented because of a high-affinity
association of its RelA subunit with a labile cytoplasmic inhib-
itor called IkBa (19, 23). This IkBa-dependent mechanism for
the cytoplasmic retention of NF-kB is uncoupled by many
extracellular signals including low levels of TNF-a (24). After
this cellular stimulation, IxBea is phosphorylated at serines 32
and 36 by a specific kinase IKK (25), ubiquitinated, and under-
goes proteolysis in proteosomes, enabling NF-kB to translocate
to the nucleus, where it binds to NF-kB DNA binding sites and
stimulates transcription of many cytokines, chemokines, and
adhesion molecules (26).

A “super-repressor” form of IkBa with mutations at
serines 32 and 36, located in the NH,-terminal part of the
polypeptide, has been shown to effectively prevent IkBo phos-
phorylation, degradation, and NF-«B activation in other systems
(Fig. 2; Ref. 20, 27-30). With phosphorylation, blocked IkBa
remains intact, thereby, blocking NF-kB translocation to the
nucleus and subsequent activation of antiapoptotic genes that
cause TNF-o insensitivity, thereby allowing the cells to proceed
through apoptosis. This IkBo “super-repressor” has also been
shown to induce apoptosis in other systems (31, 32). The “su-
per-repressor” produces constitutive repression of NF-kB-
directed transcription, despite the presence of agonists that nor-
mally induce the degradation of IkBa and the nuclear
translocation of NF-kB (24).

Proteosome inhibitors such as calpain inhibitor I (ALLN)
or MG-132 have been shown to block the induction of NF-kB
activity in cultured cells (20). They inhibit IkBa degradation
through their ability to block the catalytic activity of the pro-
teosome complex (20). Although very effective in blocking the
induction of NF-kB-activated antiapoptotic genes, proteosome
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inhibitors are nonspecific and therefore potentially very toxic.
However, the IkBa “super-repressor,” p6R-IkBgs,4 + s36a» has
also proven to be very effective in inhibiting activation of
NF-kB%. Its ability to be genetically engineered with a PSA
promoter provides specificity for prostate cancer cells and there-
fore makes it an ideal candidate for hormone-refractory prostate
cancer gene therapy.

We report an efficient transduction of exogenous “super-
repressor,” p6R-IkBgs,4 + s36as NF-KB into both TNF-a-insensi-
tive PC-3 cells and TNF-a-sensitive LNCaP cells. This “super-
repressor” blocked IkBa phosphorylation, NF-kB translocation
and activation, IL-6 production, and induced apoptosis in trans-
fected PC-3 and LNCaP cells exposed to TNF-a.. Our data dem-
onstrate that p6R-IkBgy,a + sasa 1S @ powerful tool that can
sensitize TNF-a-insensitive prostate cancer cells to undergo apo-
ptosis. Moreover, blockage of IL-6 production decreases cell pro-
liferation of androgen-independent prostate cancer cells.

MATERIALS AND METHODS

Cell Cultures. Androgen-sensitive LNCaP and andro-
gen-insensitive PC-3 cells (American Type Culture Collection,
Rockville, MD) were maintained at 37°C in an atmosphere of
5% CO, in RPMI 1640 (Life Technologies, Grand Island, NY)
containing 1% antibiotic-antimycotic (10,000 units/ml penicillin
G, 10,000 pg/ml streptomycin sulfate, and 25 pg/ml amphoter-
icin B; Life Technologies) and supplemented with 10% fetal
bovine serum (Life Technologies).

Transfections. The IkBogsra/s364 Plasmid used in this
study was described previously (21, 33). Transfections were
conducted by using SuperFect (Qiagen, Valencia, CA). The
procedure was followed according to the manufacturer’s proto-
col. Briefly, cells were seeded overnight at 60% confluency. The
DNA plasmid (10 pg/10-cm dish or 2 pg/6-cm dish) containing
the p6R-IkBg3sa + s364 “SUper-repressor” was mixed with 10 or

PC-3 Cell LNCaP Cells
+ - + - + - 4+ - + - +

25 pl of SuperFect, respectively. In control experiments, the
empty eukaryotic expression vector, p6R, was similarly intro-
duced into cells. Cells were incubated with the DNA mixture for
2 h at 37°C. Equal amounts of additional fresh media were then
added to the cells. The cultures were incubated at 37°C for 24 h
and replaced with fresh media. Cells were then treated with
TNF-a (10 ng/ml) for 24 h.

Cytosolic and Nuclear Extracts. Cell pellets were
washed in PBS, pelleted again, resuspended in buffer A [10 mm
HEPES (pH 7.9), 1.5 mm MgCl,, 10 mm KCl, 5 mm DTT, 5 mm
phenylmethylsulfonyl fluoride and protease inhibitors (50
pg/ml antipain, 2 pg/ml aprotinin, 1 pg/ml leupeptin, and 1
pg/ml pepstatin)] and placed on ice for 10 min. The cells were
then vortexed and centrifuged for 10 s. The supernatant was
placed in a separate tube, and 10 mm EDTA, 120 mm KCl, and
20% glycerol were added. This mixture was designated cytoso-
lic extracts and stored at —80°C. The pellets were resuspended
in equal volumes of buffer C [10 mm HEPES (pH 7.9), 25%
glycerol, 1.5 mm MgCl,, 0.2 mm EDTA, 0.8 M KCl, and pro-
tease inhibitors] and incubated for 20 min on ice. Samples were
centrifuged for 5 min at 10,000 X g at 4°C. Supernatants were
designated nuclear extracts and were stored at —80°C.

Western Blot Analysis. Equal amounts of cytosolic ex-
tracts (50 p.g) were analyzed by SDS-PAGE, followed by West-
ern blotting using a polyclonal rabbit IxBa antibody (Santa
Cruz Biotechnology, Santa Cruz, CA). Immunoreactive IkBa
was detected using the enhanced chemiluminescence (ECL)
light detecting kit (Amersham).

EMSA. NF-kB oligonucleotide probe (Santa Cruz Bio-
technology) was labeled with [y**PJATP to 50,000 cpm/ng
using polynucleotide kinase. Nuclear extracts (5 pg) were in-
cubated with 1 wg of poly(deoxyinosinic-deoxycytidylic acid) a
20-ul volume of gel shift reaction buffer [10 mum Tris (pH 7.5),
50 mM NaCl, 1 mm DTT, 1 mm EDTA, and 5% glycerol] and 0.5
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Fig. 4 The IxkBa “super-repressor” blocks the
stimulation of NF-kB by TNF-a in PC-3T and
LNCaPT cells. A, PC-3 and LNCaP cells were
first transfected with p6R-IkBg;4 + s364 OF the
control p6R alone for 24 h before stimulation
with 10 ng/ml of TNF-a for 24 h. Nuclear
proteins (5 pg) were assayed for NF-«kB DNA
binding activity by EMSA using a radiolabeled

10 11 consensus NF-kB site as a probe. B, nuclear
protein (2 pg) was assayed for kB binding ac-
tivity by EMSA. RelA antibody supershifting is

B Ab: - p65 indicated.
supershift

ng of labeled oligonucleotide probe for 20 min at room tempera-
ture. For supershifts with p65 antibody, nuclear extracts from
untransfected PC-3 cells were preincubated with 1 pl of RelA
antibody against the COOH-terminal portion of the molecule (San-
ta Cruz Biotechnology) for 15 min at room temperature before the
addition of binding buffer and probe. DNA-protein complexes
were resolved by electrophoresis through a 4% polyacrylamide gel
containing 50 mM Tris (pH 7.5), 0.38 M glycine, and 2 mm EDTA.
The gel was then dried and visualized by autoradiography.

RNA Extraction and Amplification. RNA was isolated
from control, p6R, and mutant, p6R-IkBg3,4 1 s36a» transfected
PC-3 cells using the TRIzol method (Life Technologies). Total
RNA (10 pg) was amplified and measured using a mRNA IL-6
Quantikine ELISA (R&D Systems, Minneapolis, MN).

IL-6 ELISA. An IL-6 ELISA of cell culture supematants
from control, p6R, and mutant, p6R-IkBg3, + s3¢a. transfected
PC-3 cells was performed in triplicate according to the manufac-

turer’s specifications (R&D Systems). Supernatants were removed
at various time points after TNF-o (10 ng/ml) stimulation.

Apoptosis Detection. Annexin V fluorescent staining
was assayed using an Annexin V apoptosis kit (Santa Cruz
Biotechnology), and Apoptag fluorescent staining was detected
using an immunohistochemistry kit (Intergen, Purchase, NY),
according to manufacturer’s protocol.

Statistical Analysis. Data are expressed as a means *+
SE. Statistical significance was performed by the two-tailed
Student ¢ test for paired data and considered significant if Ps
were <0.05.

RESULTS

Blocked Degradation of IkBe in Transfected LNCaP
(LNCaP™) and PC-3 (PC-3") Cells. To inhibit TNF-o in-
duced IkBa degradation, we transfected LNCaP and PC-3 cells
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Fig. 5 The IxBa “super-repressor” blocks the stimulation of IL-6 mRNA production by TNF-« in PC-3T cells. PC-3 cells were first transfected with
POR-IkBgsza + s364 OF the control p6R alone for 24 h before stimulation with 10 ng/ml of TNF-a for 24 h. IL-6 mRNA was measured in total RNA
with a Quantikine ELISA. Data represent the means of three independent samples; bars, SD.
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Fig. 6 The IxBa “super-repressor” blocks the stimulation of IL-6 secretion by TNF-a in PC-37 cells. PC-3 cells were first transfected with
PO6R-IkBgy,a 4+ s36a OF the control p6R alone for 24 h before stimulation with 10 ng/ml of TNF-a for 24 h. IL-6 was measured in the media
by ELISA. Data represent the means of three independent samples; bars, SD.

with the IkBa “super-repressor,” p6R-IkBga;4 + s36a, Which is not
susceptible to phosphorylation at NH,-terminal serines 32 and 36
and is therefore resistant to subsequent degradation. Western blot
analysis of cells transfected with p6R-IkBg3a + sasa and treated
with 10 ng/ml of TNF-o for 24 h demonstrated blockage of IxBa
phosphorylation and degradation (Fig. 3). The TNF-a-insensitive
PC-3 cells constitutively degraded IkBo until its phosphorylation
was blocked (Fig. 3, Lane 4). This phenomenon was present 24 h
after TNF-a was added to the cultures. After 48 h in culture,
PO6R-TkBgssa + s3ca alone could stop degradation of IkBa (data
not shown). On the basis of these data, it appears that TNF-a

expedites the blocked degradation of IxBa. The TNF-a-sensitive
LNCaP cells only degraded IkBa in the presence of 10 ng/ml
TNF-a (Fig. 3, Lanes 8 and 12), except where phosphorylation was
blocked by the IkBa “super-repressor” (Fig. 3, Lane 10).
Inhibition of NF-kB Translocation and Activation.
Nuclear extracts prepared from LNCaP” and PC-3" cells
were analyzed by EMSA for their NF-kB DNA binding
activity using a radiolabeled binding site as a xB probe.
TNF-a strongly induced NF-kB activity in untransfected and
control cells (Fig. 44). Transfection with p6R-IkBg3,4 + s36a
and stimulation with TNF-a (10 ng/ml) for 24 h significantly
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reduced the cytokine-mediated NF-kB nuclear translocation
(Fig. 4A, Lanes 4 and 10) In PC-3 cells without the IkBa
“super-repressor” and TNF-o stimulation, the constitutive
degradation of IkBa causes NF-kB to be constitutively ex-
pressed in the nucleus, where it transcribes antiapoptotic
genes that cause TNF-o insensitivity. However, LNCaP cells
only degrade IxBa in the presence of TNF-a (Fig. 44, Lanes
8 and 12), except where the “super-repressor” is present (Fig.
4, Lane 10), and therefore have significantly less NF-«B in
the nucleus. Again, after 48 h in culture p6R-IkBs3;4 + s36a
alone could decrease NF-«B translocation to the nucleus
(data not shown). A supershift assay, with lysate obtained
from untransfected PC-3 cells (Fig. 4B), was performed with
a p65 antibody to demonstrate specificity to the NF-kB
complex p65. Both a negative control without nuclear ex-
tracts as well as a competitive control using a 100-fold excess
of unlabeled consensus mutant NF-xB were used to establish
specificity of the reaction (data not shown).

Inhibition of IL-6 Gene Expression by p6R-
IkBgsa + s3ga- The strong ishibition of NF-kB activity by
P6R-IkBgs,s . s3ca i prostate cancer cells suggested that
TNF-a-mediated, NF-kB-dependent gene induction could be
down-regulated by this reagent. As shown in Fig. 5, TNF-«
induction of IL-6 mRNA expression is inhibited in p6R-
IkBgsza + s3ca transfected PC-3 cells, when compared with
untransfected and control cells, reaching a maximum of only
60 amol/ml.

We also investigated whether p6R-IkBgs,4 4+ s3sa Would
be able to prevent IL-6 secretion resulting from TNF-a and
other stimuli. Fig. 6 demonstrates that PC-3 cells transfected
with p6R-IkBgsa 4+ s36a and treated with TNF-a (10 ng/ml)
have significantly decreased levels of IL-6 secretion when com-
pared with untransfected and control cells. This is particularly
apparent at 24 h after TNF-a stimulation, where IL-6 levels are
decreased to 480 (pg/ml).

Mutant IkBa Significantly Sensitizes Prostate Cancer
Cells to Apoptosis Induced by TNF-a. Sensitization of
PC-3T and LNCaP" cells with TNF-a (10 ng/mil) for 24 h
induces apoptosis as assessed by morphological examination,
propidium iodide staining, Annexin V staining, and Apoptag
staining. Annexin V staining of cells transfected with p6R-
IkBgs,a + sisa and sensitized with TNF-o demonstrate an
increase in apoptotic activity (Fig. 7A) when compared with
untransfected and control cells (Fig. 7, B and 7C). Fig. 8 shows
columns illustrating the intensity of Apoptag staining in PC-3
and LNCaP cells, respectively. Again, when cells are transfected
with the IkBo mutant and sensitized with TNF-a, there is a
significant increase in apoptotic cell death.

DISCUSSION

Prostate cancer patients experiencing a relapse in disease
often acquire increased serum TNF-a levels when compared
with untreated patients or patients in remission (9). These
patients also experience a higher early mortality rate, and it
seems likely that serum TNF-a levels increase in prostate
cancer patients with end-stage disease (9). The prostate can-
cer cells found in relapsing patients are primarily androgen
insensitive because of prior androgen ablation therapy. Stud-

Fig. 7 The effect of NF-«B inhibition by p6R-IkBgs;s 4+ s36a OR
TNF-a-induced apoptosis. Annexin V staining of apoptotic PC-3 cells
after transfection with p6R-IkBgs;4 -+ s364 and stimulation with TNF-a
(10 ng/ml; A). Note the intense fluorescence of these cells. Stimulated
LNCaP cells all experienced apoptosis (data not shown). Untransfected
(B) and control (C) PC-3 cells with the same stimulation experienced
only minimal apoptosis, and unstimulated PC-3 and LNCaP cells did not
experience any apoptosis.

ies have shown that these androgen-insensitive prostate can-
cer cells are also TNF-a insensitive (13). We proposed that
this was attributable to NF-kB activation of antiapoptotic
genes, such as those that cause TNF-a insensitivity. There
are some cancer cells that are particularly sensitive to the
cytotoxic effect of TNF-a (8). However, TNF-a has also
been implicated in tissue remodeling and proliferation in
some cell types (8). This paradox is because of two separate
and distinct TNF-a-mediated pathways present in cells. One
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presented as a percentage of cells appearing ap-
optotic. Triplicate wells in each experiment were

examined (means; bars, SE; n = 4).
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pathway leads to apoptosis and the other to activation of
protective antiapoptotic genes through NF-xB. Which path-
way is activated depends on the TNF-a threshold of that
particular cell. Typically, lower or normal levels of TNF-a
induce the NF-kB protective pathway to keep the cell from
undergoing unnecessary apoptosis, where higher or toxic
levels induce apoptosis. TNF-a-insensitive cells, such as
androgen-insensitive prostate cancer cells, do not experience
TNF-a-induced apoptosis, even at the LD;, dose of 10 ng/ml.
This is attributable to the constitutive degradation of IkBa
and therefore NF-kB activation of antiapoptotic genes. Even
TNF-a levels of 100 ng/ml could not force the TNF-a-
insensitive cells into apoptosis. The fact that the androgen-
insensitive prostate cancer cells were also TNF-a insensitive,
coupled with the increased serum TNF-a levels of relapsing
prostate cancer patients, lead us to believe that these cells
were thriving in a toxic TNF-a environment attributable to
the induction of NF-kB antiapoptotic genes.

This study provides important new insights into the effects
of inhibiting NF-xB in TNF-a-insensitive prostate cancer cells.
A wide range of intracellular components are implicated in
TNF-a-induced cell killing, including pertussis toxin-sensitive
guanine nucleotide binding protein (34), phospholipase A, (35),
phospholipase D activation (36), and DNA damage (37). De-
spite which receptor sets off the cytotoxic effect, the various
intracellular signals activated by TNF-a lead to activation of
NF-kB (4). Prostate cancer cells up-regulate multiple NF-xB-
responsive genes in response to TNF-a stimulation. These mol-
ecules may be involved in cell proliferation and metastasis,
where modulation of their expression could be clinically bene-
ficial. We have targeted our intervention at the IkB/NF-kB
pathway because most of these genes are predominately regu-
lated at the level of transcription.

After TNF-a stimulation, NF-kB maintains a balance be-
tween an inactive and active state that relies mostly on IkBa
(21). NF-xB can be shifted to an inactive or active state by
overexpression or degradation of IkBa (21). Previous ap-
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proaches to inhibit NF-kB activity have focused on endothelial
or mononuclear hemopoietic cells (21). Most strategies target
IkBo through proteosome blockades, phosphorylation inhibi-
tion, and protein overexpression (38, 39). The method we used
to block the NF-xB pathway in TNF-a-insensitive prostate
cancer cells was transfection with an IkBo “super-repressor”
that resists TNF-a induced phosphorylation and degradation.
The IkBa protein used was a S32A/S36A mutant form of IkBo
that mutated the inducible amino acid phosphoreceptor and
therefore abolished the degradation process (21). Our approach
was successful in maintaining IkBa levels, which selectively
inhibited NF-xB p65 subunit nuclear translocation, NF-«xB
DNA binding activity, down-regulated the induction of NF-xB
responsive gene IL-6, and induced apoptosis.
Androgen-independent prostate cancer cells spontane-
ously release high levels of IL-6 into the cell supernatant
without exogenous stimulation (13). IL-6 is a cytokine with
pleiotropic activities and has been shown to play a central
role in immune host-defense mechanisms (40). This cytokine
has been implicated in growth differentiation, inhibition, and
proliferation, depending upon the nature of the responsive
target cells (41). IL-6 has been shown to promote cell pro-
liferation in androgen-independent prostate cancer cells,
PC-3 (42). When these cells were transfected with the
P6R-IkBgs,4 + s3sa “super-repressor” and stimulated with
TNF-a, IL-6 secretion and IL-6 mRNA production was de-
creased. Although our results demonstrate only partial inhi-
bition of IL-6 production, we believe that this IL-6 is resid-
ual, because of the fact that the “super-repressor” only
inhibits new gene transcription, and that we have demon-
strated that p6R-IkBgs,4 o s34 Significantly suppresses new
IL-6 production by TNF-a-stimulated PC-3 cells.
Transfected prostate cancer cells stimulated with TNF-a
were induced to proceed through apoptosis. With the NF-«B
pathway blocked by the IkBa “super-repressor,” the cells were
forced to proceed though TNF-a-induced apoptosis. Our results
indicate that the previously TNF-o-insensitive prostate cancer
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cells were made sensitive because of transfection with p6R-
IkBgsoa + s3ea- Once made sensitive, the cells experienced
apoptotic cell death upon stimulation with TNF-c.

The complex signal transduction pathway, beginning
from the binding of a cytokine to its receptor and leading to
NF-«B transcriptional activity, provides many opportunities
for therapeutic intervention (20). Other studies have demon-
strated that p6R-IkBg3,4 4+ s364 Can be successfully incorpo-
rated within the recombinant replication-deficient adenovi-
rus, giving rise to possible clinical use (20, 21). In future
studies, we propose using a PSA-promoter, pPSA-630 (43),
added to p6R-IkBgs,4 4+ s36a, that would specifically target
only PSA-secreting cells such as those found in prostate
cancer relapsed patients. This PSA promoter can only be
activated in the presence of specific transcription factors
present only in PSA-producing cells. One such transcription
factor is the androgen receptor present in prostate cancer
cells. This gene therapy might be beneficial to advanced
prostate cancer patients and would avoid the severe toxicities
associated with other IkB inhibitors, such as ALLN and
MG-132, by specifically targeting prostate cancer cells. With
NF-kB activation blocked, prostate cancer cells could
proceed through apoptosis using the elevated serum TNF-a
levels already present in patients with relapsed prostate
cancer.

In conclusion, this study extends known antiapoptotic roles
of NF-kB to prostate cancer cells and emphasizes that the
blockage of NF-kB can selectively sensitize previously insen-
sitive cells to apoptosis by TNF-a. These findings suggest a
potential new therapeutic tool for prostate cancer gene therapy.
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Abstract. Background: Gemcitabine has demonstrated clinical
activity against several common cancers. Our studies examine
the ability of gemcitabine, both alone and in combination with
other chemotherapeutic agents, to inhibit the in vitro and in vivo
growth of several prostate cancer cell lines. Materials and
Methods: Cultures of LNCaP, PC-3 or MLL cells were exposed
to either gemcitabine or other appropriate agents for specified
amounts of time. Cells were lysed and nuclei counted utilizing a
Coulter Counter. For in vivo experiments, animals were injected
with 1 x 10° MLL cells subcutaneously into the right flank.
Animals were treated as indicated for 14 days. Tumors were then
excised, weighed and measured. Results: In both human (PC-3
and LNCaP) and rat prostate (MLL) cancer cell lines our
studies demonstrated gemcitabine had a strong effect in vitro,
with an ICsp of approximately 500 nM in the human lines and
10 nM in MLL cells. In vivo , studies using the Dunning prostate
cancer model in Copenhagen rats resulted in a dose response
inhibition of tumor growth, with an 80% decrease in tumor size
in rats treated with gemcitabine at 10 mgfkg. Conclusions: Our
results demonstrated the potent activity of gemcitabine against
prostate cancer in the Dunning rat model and suggest the
addition of paclitaxel may not aid in this activity.

Prostate cancer is the most frequently diagnosed cancer and
the second leading cause of cancer death in men in the
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United States. Projected estimates for 1999 indicate that
there will be approximately 179,300 newly diagnosed prostate
cancers and 37,000 men will die from this disease (1).
Although organ confined prostate cancer is potentially
curable with radical prostatectomy andfor radiation,
treatment of locally advanced or metastatic disease still
remains palliative (2). A fundamental key to better
treatments is the development of improved chemotherapy
regiments that have a better efficacy and a lower toxicity.
While many single-agent and multi-drug schedules have been
helpful in the fight against prostate cancer, new combinations
are continuously being sought to impede cancer spread and
lower mortality rates.

Gemcitabine (2’,2’-difluorodeoxycytidine, dFdC, Gemzar)
is an S-phase-specific, fluorine-substituted pyrimidine which
has demonstrated clinical activity against several common
cancers. In previous studies, gemcitabine has been tested in
the treatment of hematologic cancers and found to be active
(3, 4). It was then found to be effective in solid tumors (5) and
carried into clinical trials. Phase II and Phase III clinical trials
utilizing gemcitabine have demonstrated significant activity in
patients with advanced breast (6, 7), ovarian (8-11), non-small
cell lung (12, 13), pancreatic (14, 15), head and neck (16) and
bladder cancers (17-20). These studies also indicate that
gemcitabine is well tolerated, with the most common dose-
limiting toxicity being myelosuppression. Other side effects
include flu-like symptoms including low-grade fever, fatigue
and malaise (21). Likewise, gemcitabine alone showed similar
antitumor activity and a better safety profile when compared
with a combination of cisplatin and etoposide in a phase II
study of patients with non small-cell lung cancer (22).

The parental form of gemcitabine is inactive but is
progressively phosphorylated intracellularly to the active
gemcitabine diphosphate and gemcitabine triphosphate
forms. Gemcitabine diphosphate inhibits ribonucleotide redu-
ctase (23) and the triphosphate form actively competes with
dCTP24. Incorporation of gemcitabine triphosphate into
DNA results in DNA chain termination (24). It has also been
demonstrated that this metabolite can incorporate into RNA
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thus pbtentially inhibiting or altering RNA synthesis (25).

It has been the philosophy of many clinicians that although
single agents are useful in the treatment of cancers,
combinations of agents with different mechanisms of actions
may be the best treatment. Because of the ability of
gemcitabine to act at different stages of cell division, it
appears to be a reasonable choice to study it in combination
with other agents (26). There have been several reports which
support this hypothesis. Gemcitabine in combination with
cisplatin has been shown to have either an additive or a
synergistic effect in vitro and in vivo in a number of different
tumor systems (27-30). Similarly, treatment with gemcitabine
with vindesine was shown to have a synergistic cytotoxic effect
when used against a lung cancer cell line (31). Clinical trials
of gemcitabine with carboplatin and paclitaxel have shown
promising results in patients with non-small cell lung cancer
(32). Phase I trials are also being conducted with gemcitabine
and etoposide producing positive results (33).

The majority of published work on gemcitabine has not
addressed the use of gemcitabine, either as a single agent or
in combination with other chemotherapeutic agents to treat
prostate cancer. A study by Cronauer et a/ examine gemci-
tabine as a single agent in the in vitro treatment of the PC-3,
DU-145 and LNCaP human prostate cancer cell lines (34).
Their results demonstrated gemcitabine had a strong effect
on the prostate cancer cell lines, but did not effect normal
epithelial cell growth (34). Our laboratory has previously
demonstrated the synergistic activity of several chemothe-
rapeutic combinations for the treatment of hormone
refractory prostate cancer both in preclinical studies and in
clinical trials (35-39). In this study, we report the in vitro and
in vivo results of our study of the combination of various
chemotherapeutic agents with gemcitabine using several
prostate cancer cell lines.

Materials and Methods

Materials. Gemcitabine HCl was acquired from Eli Lilly and Co.
(Indianapolis. IN) as an injectable form containing minimal amounts of
mannitol and sodium acetate. Solutions of gemcitabine were made fresh
daily at various concentrations using sterile deionized water. Injectable
taxol (paclitaxel) suspended in Cremphor EIR and dehydrated alcohol
was obtained from Bristol-Myers Squibb Co (Princeton, NJ). Taxol was
diluted for experiments using sterile deionized water. " Paraplatin
(Carboplatin: cis-diammine [1,1-cyclobutane-dicarboxylato]platinum) as
an injectable form was obtained from Bristol-Meyers-Squibb Co.
Carboplatin was reconstituted in sterile water. Etoposide was purchased
from Sigma Chemical Co (St. Louis. MO) in a dry powder form and was
reconstituted in dimethylsulfoxide (DMSO). Estramustine was obtained
from Pharmacia (Sweden)and was reconstituted in sterile water.

Cell culture. The MAT-Ly-Lu (MLL) subline of the Dunning R-3327
prostate adenocarcinoma line was a gift from Dr. John Isaacs (Johns
Hopkins University. Baltimore. MD). The human prostate cancer cell
lines PC-3 and LNCaP were obtained from American Type Culture
Collection {(Rockville, MD). All lines were maintained in RPMI 1640
medium supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin.

Animals. Male Copenhagen rats were obtained from Harlan Sprague-
Dawley (Indianapolis. IN). The animals averaged 270g each and were
fed a diet of standard rat chow and water ad libidum. Carbon dioxide
was used as a euthanasia method at the termination of experiments.

In vitro cell viability assays. For cytoxicity assay, triplicate T-25 flasks were
seeded in the above media with initial densities of between 5 x 10% -2 x
10° cells per T-25 depending on cell line (cither LNCaP, PC-3 or MLL).
The cells were allowed to grow in normal growth media for 48 hours.
Fresh media was then added to cultures containing the appropriate
agent at varying concentrations (0.1 nM to 1000 nM). An appropriate
vehicle was added to control flasks. Cells were allowed to grow for either
48 or 96 hours depending on experimental conditions. Media was
changed every 48 hours.

Growth of cultures was monitored using the procedures described by
Weise et al (40). Briefly. cells were allowed to swell in a hypotonic
HEPES buffer (2 ml/T25; 0.01 M HEPES, 0.015 M magnesium chloride)
for 10 minutes at room temperature. The cells were then incubated with
detergent [200 w/T25 of 0.13 ethylhexadecyldimethylammonium
bromide (Eastman Kodak. Rochester, NY) in 3% viv of acetic acid
(Fisher, Pittsburgh. PA)] for 10 minutes with agitation to lyse the cells.
The resulting nuclei suspension was diluted to appropriate volumes with
filtered saline and counted with a Coulter Counter (41).

In vivo studies. Utilizing an Animal Investigation Committee approved
protocol, male Copenhagen rats were injected with 1 x 10° MLL cells
subcutaneously into the right flank on day 0. Rats were randomized into
groups of 10 on day 4 after injections. Animals were given intrape-
ritoneal (IP) injections of gemcitabine at indicated doses on days 4 and 9
after implantation of tumor cells. Animal treated with taxol were also
given IP injections on appropriate days at a concentration of 2 mg/kg.
Animals were then sacrificed on day 14. the tumors were then excised
and measured. For the regression study, animals were injected as above
on day 0. The rats were monitored until a 1 em* tumor was present on
the right flank, at approximately day 12. Except for controls, rats were
treated by IP injection of gemcitabine. The injections were repeated on
day 16 and the animals sacrificed on day 20. The tumors were then
excised and measured.

Results

In Vitro Toxicity Studies. Treatment of the human prostate
cancer cell lines LNCaP and PC-3 with gemcitabine alone
demonstrated a moderate cytotoxic effect, with an ICs
(defined as the concentration of agent which yields 50%
viability of cells when compared to control cell counts) of
approximately 500 nM for each cell line (Figure 1A).
Increasing concentrations to 1000 nM had minimal effect
(Figure 1A). In contrast, gemcitabine proved to have a strong
cytotoxic effect on MLL cells, with an ICsy of approximately
10 nM (Figure 1B). Maximum cytotoxic effect was observed
at 100 nM with a roughly 90% growth inhibition observed
(Figure 1B). Higher concentrations of gemcitabine proved
less effective (data not shown).

The combination of gemcitabine with other chemothera-
peutic agents was also tested in vitro using LNCaP cultures
(Table I). Control experiments were performed with each
agent alone in culture (Figure 2: data not shown) to
determine appropriate concentration of agent to use in the
combination studies with gemcitabine. Carboplatin (200 nM)
when used alone did not inhibit cell growth (Table I). In
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Table 1. Evaluation of Gemcitabine in combination with other chemotherapeutic agents in the growth of LnCaP cultures’.

Viability (%) Viability (%) Viability (%
, Vlablhw (%) Viability (%) with Gem. + with Gem., 48 with Agent, 48
Agent” with Gem.” , 96 hr. with Agent, 96 hr. Agent, 96 hr. hr.; Agent, 48 hr.? hr.; Gem. 48 hr
Carboplatin 84 + 49% 101 +5.1% 100 = 5.8% 106 + 45% 109 * 6.9%
Estamustine 84 +49% 107 £ 3.7% 80 + 7.3% 95+ 1.7% 90 + 3%
Etoposide 84 + 49% 82+ 63% 74+ 28% 82+ 7.1% 97 £ 5.1%
Paclitaxel 82.7 x 3.8% 48.4 + 3.4% 285 % 2.5% 623 £ 13.2% 625 * 2.5%

'Each compound was evaluated as a single agent for its effect on the growth of LnCaP cultures. Concentrations ranges of 0.1-100,000 nM were
examined. For these studies, concentrations were chosen based on the following criteria: 1) Previous results demonstrating an additive or synergistic

Tesponse of cytotoxic at this concentrations 2). Physiologicial relevance.

*The following concentrations were used: Carboplatin, 200 nM; Estramustinte, 100 nM; Etoposide, 50 nM; Gemcitabine (Gem), 100 nM: and

Paclitaxel, 1 nM.

*For multi-agent incubations, cells were first incubated with first agent for 48 hr. Flasks were then rinsed with HBSS and second agent was added for

48 hr.

combination with gemcitabine (100 nM) no growth inhibition
of LNCaP cultures was observed at any of the combination
sequence examined (Table I). This effect was also observed in
PC-3 cultures (data not shown). Estramustine (100 nM) also
had no effect on LNCaP cultures when used alone (Table I).
In combination with gemcitabine, similar growth inhibition
was observed as when gemcitabine was used alone (Table I).
Furthermore, when these agents were given sequentially in
culture, rather than together, the combination of estra-
mustine and gemcitabine did not show a greater cytotoxic
effect than gemcitabine alone (Table I). Etoposide (50 nM)
alone showed minimal cytotoxicity in LNCaP cultures, with
roughly an 18% growth inhibition (Table I). In combination
with gemcitabine, etoposide demonstrated a slightly more
toxic profile than when either was used alone (Table I).
Sequential addition of agents again showed little difference
(Table I). Similar results were observed in PC-3 cultures (data
not shown).

Treatment of LNCaP cultures with the combination of
paclitaxel and gemcitabine was also examined. Paclitaxel
alone proved to be quite effective in inhibiting growth of all
cultures examined (Figure 2) (42). When LNCaP cultures
were exposed to both agents in tandem, an additive growth
inhibition was observed (Table I; Figure 3). While treatment
with gemcitabine and paclitaxel as single agents resulted in an
82% and 48% growth inhibition, respectively; the combi-
nation of the two agents resulted in a 28% inhibition of
growth (Table I; Figure 3). When gemcitabine and paclitaxel
were added sequentially to growth media, the combination of
the two resulted in a growth inhibition greater than
gemcitabine alone. Sequential addition of the two agents did
not prove to be better than the addition of paclitaxel alone,
however. This additive effect of the gemcitabine and
paclitaxel was observed in all three lines examined (Figure 3).
Sequential addition, however, proved less effective that
gemcitabine alone in PC-3 cultures (Figure 3). In MLL cells,
the addition of gemcitabine first with subsequent addition of

paclitaxel 48 hours later proved to be much more toxic to
these cultures than the reverse sequential addition of
paclitaxel and then gemcitabine (Figure 3).

In vivo toxicity studies. The ability for gemcitabine to inhibit
tumor growth in vivo was examined in the Dunning prostate
cancer model using Copenhagen rats. Treatment of animals
with dosages of 1, 5 and 10 mg/kg of gemcitabine resulted in a
dose response inhibition of tumor growth, with an 81%
decrease in tumor size in the rats treated with gemcitabine at
10 mg/kg (Figure 4). The treated rats showed no significant
decrease in body weight (average of 224 gms) when compared
to the control group (average of 220 gms). No outward signs
of toxicity were present (data not shown). Regression studies
were performed in which tumors were allowed to develop to 1
cm’ in size and then the animals were subsequently treated
with gemcitabine. Results showed an overall decrease in
tumor weight of 60% and 56% compared to the control
group. The treated groups showed an average of a 12%
decrease in body weight as compared to controls. No other
physical evidence of toxicity was present.

Guided by the results of the in vitro experiments described
above, tumor implanted animals were treated with the
combination of gemcitabine and paclitaxel. The use of
paclitaxel alone resulted in approximately 60% decrease in
tumor size (Figure 5). Using gemcitabine alone, however, or
in any combination with paclitaxel decreased tumor weight
drastically (average of 90% growth inhibition) when compa-
red to control animals (Figure 5). In vivo, the use of paclitaxel
appeared to only slightly enhance the ability of gemcitabine in
inhibiting tumor growth in animals (Figure 5). By the end of
14 days, however, the animals treated with the combination of
paclitaxel and gemcitabine began to show signs of toxicity,
with their coats displaying a lack of grooming and the
development of dermatitis on their noses. Two animals
treated with the drug combination were found deceased on
the scheduled day of termination. On average, the animals
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Figure 3. The effect of gemcitabine and paclitaxel on the in vitro growth of
prostate cancer cell lines. Cultures were plated in triplicate T25 flasks at
either 5 x 10* (MLL) or 2x 10° (PC3 and LnCaP) cells per flask. After 48
hr., fresh media was added containing gemcitabine (Gem) or paclitaxel
(Tax), either alone or in combination, at the following concentrations: PC-
3- 100 nM gemcitabine, 40 nM paclitaxel; LnCaP- 200 nM gemcitabine, I
nM paclitaxel; MLL- 2.5 nM gemcitabine, 20 nM paclitaxel. Cells were
allowed to incubate in this media for 48 hrs. Cultures were then rinsed with
HBSS and fresh media containing the appropriate agent added. After 96
hrs., cells were Iysed and nuclei counted as indicated in the Materials and
Methods. Bars represent the average tell viability (n=3) as percent of
control with percent relative error.

anti-tumor effect of gemcitabine alone in these animals.
Gemcitabine has a strong effect in the inhibition of tumor
growth, either with or without paclitaxel. The addition of
paclitaxel did appear to decrease tumor size, although this
was not statistically significant. Furthermore, this combined
regiment appeared not well tolerated in these animals.
Animals developed outward signs of toxicity with hair and
weight loss. This toxicity, however, appears not to be relevant
in a clinical setting as patients appear to tolerate this regiment
well in reported Phase I/II trials (32). It appears that
gemcitabine is much more toxic in rats than observed in the
clinical setting.

Although our data suggests that paclitaxel and gemcitabine
may prove to be an effective combination in the treatment of
prostate cancer, further studies are needed. Recently, there
have been reports emphasizing the importance of scheduling
and dosing when examining combination trials with
gemcitibine (46). This may be the reason for the less than
additive effect observed in vivo.

In conclusion, our data demonstrates the potent anti-tumor
activity of gemcitabine in prostate cancer. It appears that
while paclitaxel demonstrated an additive effect in vitro, the in
vivo combination proved too toxic to the animals to gain a
concrete effect. Perhaps further studies, examining the dosing

and scheduling of these two agents may prove more.

informative. Preliminary experiments in which estramustine
was added to these cultures along with gemcitabine and
paclitaxel in tandem suggests that this may be an effective
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Figure 4. The effect of gemcitabine on the in vivo growth of the MLL cell
line in the Copenhagen rat. Animals were subcutaneously injected with 1 x
10° MLL cells in the right flank. Animals were treated by IP injection with
indicated doses of gemcitabine on days 4 and 9 after tumor implantation.
Animals were sacrificed 14 days after implantation, the tumors excised and
measured. Bars represent the average tumor weight (n=10) with standard
error.
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Figure 5. The effect of gemcitabine and paclitaxel on the in vivo growth of
the MLL cell line in the Copenhagen rat. Animals were subcutaneously
injected with 1x 1 0° MLL cells in the right flank. Animals were treated by IP
injection with 5 mglkg gemcitabine on days 4 and 9 after tumor
implantation. Paclitaxel was administered by IP injection on days indicated
at a concentration of 2 mglkg. Animals were sacrificed 14 days after
implantation, the tumors excised and measured. Bars represent the average
tumor weight (n=10) with standard error.

combination (M. Mahoney and K. Pienta, unpublished
results). Further studies that examine the combination of
gemcitabine with other chemotherapeutic agents are
warranted.
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Treatment of Androgen-Independent Prostate
Cancer Using Antimicrotubule Agents Docetaxel

and Estramustine in Combination: An
Experimental Study

Jeffrey F. Williams,! Heather J. Muenchen,! Jeffrey M. Kamradt,!
Susan Korenchuk,! and Kenneth J. Pienta*

IDivision of Hematology/Oncology, Department of Internal Medicine, University of
Michigan, Ann Arbor, Michigan

2pjvision of Urology, Department of Surgery, University of Michigan, Ann Arbor, Michigan

BACKGROUND. Estramustine in combination with other chemotherapeutic agents has dem-
onstrated synergy in hormone-refractory prostate cancer. Docetaxel has demonstrated anti-
neoplastic activity in a variety of chemotherapeutic-unresponsive tumors. We evaluated the
effects of estramustine and docetaxel in preclinical models of prostate cancer.

METHODS. Cell viability of PC-3 and MAT-LyLu (MLL) cells were assessed 48 hr after drug
treatment. For in vivo studies, each flank of five animals in six groups was injected with 1 x
108 MLL cells: control, estramustine, docetaxel (low- and high-dose), and low- and high-dose
docetaxel with estramustine. Animals were treated on days 4and 11, and sacrificed on day 14.
RESULTS. The ICs, value for docetaxel was 2 nM in the PC-3 cells and 40 nM in the MLL
cells. The addition of 100 nM of estramustine did not alter the 1Cs, value for PC-3 cells. In the

MLL cells, however, the ICs, value was lowered to 15 nM. In vivo, low-dose docetaxel with ¢
estramustine demonstrated antineoplastic activity similar to that of high-dose docetaxel

alone, suggesting additive activity between the drugs.

CONCLUSIONS. These results demonstrate that when used in combination, docetaxel and

estramustine can be more effective at lower dosages than when the individual drugs are used

alone. Prostate 44:275-278, 2000.  © 2000 Wiley-Liss, Inc.

KEY WORDS:

INTRODUCTION

Prostate cancer is the most common malignancy di-
agnosed in men, and the second leading cause of
"death in American males [1]. There are limited treat-
ment options, and prognosis continues to be dismal in
metastatic hormone-refractory prostate disease. In
newly diagnosed metastatic disease, hormone therapy
controls symptoms in 80-90% of patients . The median
duration of response is approximately 2-3 years. Che-
motherapy is the next option; however, the response
induced by chemotherapy is generally limited and of
short duration, with an overall objective response of
8.7% for single agents and approximately 50% for
newer regimens. Cancer patients are often debilitated
or immunocompromised and, therefore, chemo-
therapy is not always feasible or well-tolerated [2].

© 2000 Wiley-Liss, Inc.

docetaxel; estramustine; MLL; PC-3; prostate

Treatment of metastatic disease is considered pallia-
tive, since no chemotherapeutic regimen has shown a
survival benefit in a randomized clinical trial. Due to
these limitations, new agents and strategies clearly
needed.

Estramustine phosphate (Emcyt, Estracyt), a nonni-
trogen mustard carbamate, binds to microtubule-
associated proteins, inhibits assembly, and disrupts
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Fig. 1. In vitro analysis of PC-3 cells treated with Taxotere
demonstrated an ICs, value of approximately 2 nM. The addition
of Emcyt (100 nM) did not significantly alter this ICyo value.

microtubule organization in vitro [3]. It is this cellular
mechanism, and not the hormonal effect associated
with the estrogen moiety or alkylating activity due to
nitrogen mustard, that is responsible for the cytotoxic
effects of estramustine in hormone-refractory prostate
cancer [3]. Estramustine has also been shown to
reduce the level of serum prostate-specific antigen
(PSA) [4]-

Docetaxel (Taxotere), a member of the taxane fam-
ily, binds to tubulin, promoting microtubule assembly
and microtubule bundling [5,6]. Like other members
of the taxane family, docetaxel stabilizes spindle mi-
crotubules, impairing mitosis and blocking progres-
sion through the cell cycle [5]. It demonstrates signifi-
cantly longer cellular affinity and uptake, and slower
cellular efflux than paclitaxel, which prolongs the du-
ration of cell drug exposure [7]. Docetaxel is also ap-
proximately twice as efficient as paclitaxel in stabiliz-
ing microtubules [8].

Estramustine in combination with other chemo-
therapeutic agents has demonstrated synergy in hor-
mone-refractory prostate cancer. Docetaxel has dem-
onstrated antineoplastic activity in a variety of
previously chemotherapeutic-unresponsive tumors.
We here evaluated the in vitro and in vivo effects of
estramustine and docetaxel in preclinical models of
prostate cancer.

MATERIALS AND METHODS
Drugs and Reagents

Estramustine phosphate (estradiol-3-N-bis-{2-
chloroethy]-carbamate-17-beta-dihydrogen disodium
phosphate) was purchased from Hoffmann-LaRoche
(Nutley, NJ). Docetaxel (Taxotere) was purchased

from Rhone-Poulenc Rorer (Collegeville, PA) as a pre-
pared sterile stock solution of 10 mg/ml.

Cell Culture

The prostate adenocarcinoma cell line PC-3 (Ameri-
can Type Culture Collection, Rockville, MD) and the
metastatic MAT-LyLu (MLL) subline of the Dunning
R-3327 rat prostate adenocarcinoma line were grown
and maintained at 37°C in an atmosphere of 5% CO, in
RPMI-1640 medium (Life Technologies, Grand Island,
NY) containing 1% antibiotic-antimycotic (penicillin
G, 10,000 U/ml; streptomycin sulfate, 10,000 pg/ml;
and amphotericin B, 25 pg/ml) (Life Technologies)
and supplemented with 10% fetal bovine serum (Life
Technologies). Stock drug was added to the cell cul-
ture medium to reach the reported concentrations.

Cell Growth and In Vitro Cytotoxicity Assay

Cell adhesion was used as a marker of cell viability.
Athr0,2 x 105 PC-3 and MLL cells, per T25 flask, were
plated in triplicate. At hr 48, increasing doses of doce-
taxel alone, as well as in combination with +100 nM
estramustine, were added to the flasks. After an ad-
ditional 48 hr of incubation, the cells were lysed and
the nuclei counted (Z1 Coulter Counter, Coulter, Hi-
aleah, FL).

Animals

Male Copenhagen rats were obtained from Harlan
Sprague-Dawley (Indianapolis, IN). Methoxyflurane
(Pittman-Moore, Washington Crossing, NJ) was used
as inhalation anesthetic for injections and surgical pro-
cedures.

In Vivo Animal Tumor Model

Animals, 5 per group, were injected with 1 x 10°
MLL cells subcutaneously into each flank on day 0.
There were 5 rats per treatment and control group,
respectively.

Treatment groups consisted of the following: 1)
control, 2) estramustine (7 mg/kg), 3) low-dose doce-
taxel (7 mg/kg), 4) high-dose docetaxel (11.6 mg/kg),
5) low-dose docetaxel and estramustine, and 6) high-
dose docetaxel and estramustine.

On day 0, animals were injected with 1 x 10° MLL
cells in each flank. On days 4 and 11, animals were
given intraperitoneal injections of the drugs. On day
14, animals were sacrificed, the tumors were har-
vested, and the tumor weights were noted. Paired Stu-
dent’s t-test was used to compare control and treat-
ment groups.
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RESULTS
In Vivo Cytotoxicity Experiments

The human prostate cancer cell line PC-3 and the
Dunning rat R2237 metastatic anaplastic to lymph
node, lung (MLL) subline were tested for sensitivity to
docetaxel and estramustine in combination. The ICso
for docetaxel was approximately 2 nM for PC-3 cells
(Fig. 1). The addition of 100 nM of estramustine did
not significantly alter the ICs, for any docetaxel dose.
In MLL cells, the ICs, was approximately 40 nM (Fig.
2). The addition of 100 nM of estramustine lowered
the ICs, of docetaxel to approximately 15 nM.

In Vivo Animal Model

Copenhagen rats were injected with 1 x 106 MLL
cells into each flank on day 0. Rats were treated intra-
peritoneally on days 4 and 11, and then sacrificed on
day 14. There was a significant decrease (>50%) in
tumor weight in mice treated with high dose docetaxel
(Fig. 3). This was even more prominent in both low-
dose docetaxel and high-dose docetaxel in combina-
tion with estramustine (100 nM). Clinically, decreased
clearance of docetaxel was associated with estramus-
tine combinations. However, clearance data were not
obtained in this study.

DISCUSSION

The evaluation of new agents and combination
therapies in metastatic prostate cancer has led to the
realization of increased response rates due to syner-
gism involving different mechanisms of action of vari-
ous chemotherapy drugs on a related pathway (e.g.,
DNA synthesis, antimetabolites, cell adhesion). Re-

duction in the required dosages of individual drugs
and potentially decreased toxic side effects is another
advantage of using these combination therapies.

Estramustine has been shown to bind to microtu-
bule-associated proteins and disrupt microtubule or-
ganization in vitro [9,10]. Estramustine is currently in-
dicated in the palliative treatment of patients with
metastatic and/or progressive prostate cancer, with a
response rate of 5-17% as a single agent [11]. Its tox-
icities include fluid overload and thrombophlebitis.

Docetaxel, a semisynthetic taxoid, interferes with
the microtubular network essential for mitotic and in-
terphase cellular functions [12,13]. It binds to free tu-
bulin and promotes the assembly of stable microtu*
bules that cannot disassemble [12]. As a single agent,
it has been shown to be effective in chemoresistant
breast cancer [14]. Bone marrow suppression is a ma-
jor dose-limiting toxicity.

Combining agents that are active against a particu-
Jar tumor but do not have overlapping toxicities has
been a basic rule in clinical oncology. In patients with
prostate cancer, this has not been the case. Preclinical
studies demonstrated that a single-agent estramustine
(noneffective as a single agent) and docetaxel (nonef-
fective as a single agent) demonstrated synergistic ac-
tivity, and the combination of the two agents was
clinically much more effective than when either agent
was given alone [15].

A phase I trial evaluated Emcyt and Taxotere [16}.
The regimen consisted of Emcyt 280 mg PO TID days
1-5, Taxotere 40, 60, or 70 mg/m?, and Decadron 20
mg 6 + 12 hr, and 15 min prior to Taxotere on day 2.
The cycle was repeated every 21 days. The overall
response rate was 62%, as defined by a PSA decrease
of at least 50%. Of the responders, 69% failed steroids
and 54% failed Emcyt. Forty-three percent of patients
with measurable disease had a partial response. The
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Fig. 3. In vivo study, demonstratinga decrease in tumor mass of
mice treated with Taxotere (11.6 mg/kg) alone. The addition of
Emcyt (100 nM) significantly lowered the tumor mass in mice
treated with low-dose Taxotere (7 mg/kg), but not high-dose
Taxotere (1 1.6 mg/kg), suggesting an additive effect in the latter.

toxicities included fluid retention, granulocytopenia,
and hepatotoxicity.

Another phase I/1I trial by Kreis in 1999 [15] again
involved Emcyt and Taxotere. The regimen consisted
of Emcyt 140 mg/10 kg body weight PO QD, Taxotere
40, 60, or 80 mg/m?, and Decadron 8 mg BID x 5
doses. The cycle was repeated every 21 days. Nine
patients in total were enrolled. Four patients had at
least a 50% decrease in PSA. The toxicities included
esophageal dyspepsia, nausea, and diarrhea.

Our results demonstrate that docetaxel and estra-
mustine have a significant cytotoxic effect in the PC-3
and MAT-LyLu prostatic cell lines. We demonstrated
enhanced cytotoxic effects when these drugs were
used in combination, both in vitro and in vivo, with
MLL cells. These results are similar to those reported
by other authors using combinations of these agents.

CONCLUSIONS

In vitro, docetaxel has significant cytotoxic activity.
This effect was also demonstrated in vivo in this
~ study. The addition of estramustine did not enhance
this effect in vitro in the PC-3 cell line, but was sig-
nificant in MLL cells. In vivo studies demonstrated a

significant decrease in tumor weight of mice treated
with either low- or high-dose docetaxel in combina-
tion with estramustine.
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DIFFERENT DOCETAXEL-INDUCED APOPTOTIC PATHWAYS
ARE PRESENT IN PROSTATE CANCER CELL LINES
LNCaP AND PC-3

HEATHER J. MUENCHEN, PAUL ]J. PONCZA, axpo KENNETH J. PIENTA

ABSTRACT
Objectives. To investigate the molecular machinery of docetaxel (Taxotere)-initiated death signaling on
prostate cancer cell lines LNCaP and PC-3. Taxotere is a member of the taxane family of chemotherapeutic
agents. It has been shown to disrupt microtubule dynamics causing mitotic arrest, which leads to cell death.
Taxotere has demonstrated induction of cell death in LNCaP and PC-3 cells. However, the pathways by which
apoptosis occurs differ in each cell line.
Methods. The prostate cancer cell lines, LNCaP and PC-3, were treated with 40 nM Taxotere for various
lengths of time (0.5 to 24 hours). Western blot analysis was used for protein analysis.
Results. LNCaP cells demonstrated caspase-3 and caspase-7 cleavage, and PC-3 cells demonstrated only
caspase-8 and BH3-interacting domain death agonist cleavage. Only LNCaP cells were observed to express
clusterin expression; PC-3 cells expressed a novel apoptosis inhibitor, survivin.
Conclusions. In this study, we demonstrated two distinctly different Taxotere-induced apoptotic pathways
in LNCaP and PC-3 cells that may be of clinical importance when treating prostate cancer. UROLOGY 57:

366-370, 2001. © 2001, Elsevier Science Inc.

D ocetaxel (Taxotere), a member of the taxane
family, binds to beta-tubulin and promotes
microtubule assembly and microtubule bundling.!
This binding stabilizes the microtubule spindle
and impairs mitosis, blocking progression through
the cell cycle.2 This taxoid has also been shown to
phosphorylate the protein bcl-2, which inactivates
bcl-2 to promote apoptosis.?

Phosphorylation of bcl-2 leads to the release of
cytochrome ¢ from the mitochondria and subse-
quent activation of an initiator caspase, caspase-9.#
The initiation and/or execution of apoptosis after
the lethal stimulus are typically signaled through
the activation of caspases, proteins encoded by the
CASP gene family.5 Caspases are a unique family of
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cysteine proteases that differ in sequence, struc-
ture, and substrate specificity from any other pro-
tease family. This family, termed CED-3/caspase-1,
was first identified in Caenorhabditis elegans.® The
CED-3 death gene demonstrates high similarity to
interleukin-1-beta-converting enzyme (ICE)® and
is composed of caspase-1, caspase-2, caspase-3,
caspase-4, caspase-6, caspase-7,” caspase-9,% and
caspase 10.° These caspases are part of a cell’s ap-
optotic machinery and act to destroy specific target
proteins critical to cell survival. Caspase-3,
caspase-7, and caspase-9 have been shown to
cleave poly (adenosine diphosphate) polymerase
from a 112-kDa nuclear protein into an 85-kDa
apoptotic fragment.® Caspase-3 and caspase-7 have
been shown to be critical mediators of apoptosis in
LNCaP and TSU-Prl prostate cancer cells.1® How-
ever, the caspase pathway of the androgen-inde-
pendent PC-3 cell line has not yet been reported.
Clusterin, also known as testosterone-repressed
message-2, was first isolated from ram rete testes
fluid.!! Clusterin functions include the transport
of lipoproteins, inhibition of complement-medi-
ated cell lysis, and modulation of cell-cell interac-
tions.12 Clusterin is also a putative marker for cells
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proceeding through apoptosis.!> Other studies
have demonstrated the presence of clusterin ex-
pression in both LNCaP and PC-3 cells.!+!3

An anti-apoptosis gene, survivin, has also been
implicated in prostate cancer. Survivin is a unique
mammalian inhibitor apoptosis protein.!® It is un-
like that of other inhibitor apoptosis proteins,
which are expressed throughout both adult and
fetal tissues. Survivin is expressed only in the em-
bryonic lung and other organs in developmental
stages and is undetectable in normal adult tissues,
other than the thymus and placenta.'¢ Survivin is
also expressed in transformed cell types and in
most human cancers.®

We investigated the molecular basis of Taxotere-
mediated apoptosis in LNCaP and PC-3 cells. Our
data demonstrate two distinctly different Taxotere-
induced apoptotic pathways for these prostate can-
cer cell lines.

MATERIAL AND METHODS

CeLL CULTURES

LNCaP (androgen-responsive) and PC-3 (androgen-inde-
pendent) cell lines (American Type Culture Collection, Rock-
ville, Md) were maintained at 37°C in an atmosphere of 5%
carbon dioxide in RPMI 1640 medium (Life Technologies,
Grand Island, NY) containing 1% antibiotic-antimycotic (pen-
icillin G, 10,000 U/mL; streptomycin sulfate, 10,000 pg/mL;
and amphotericin B, 25 ug/mL, Life Technologies) and sup-
plemented with 10% fetal bovine serum (Life Technologies).

TREATMENTS

Taxotere (Rhone-Poulenc Rorer, Collegeville, Pa) was pre-
pared in normal media at a 40 nM concentration. Media from
LNCaP and PC-3 cells, at 80% confluence, were removed, and
fresh drug-containing media was added to the cultures. Pro-
tein from the cultures was isolated at 0, 0.5, 1, 2, 4, 8, 16, and
24 hours after treatment.

CYTOTOXICITY ASSAY

Taxotere cytotoxicity was evaluated using cell attachment
as an indicator of cell viability. For the cell attachment assay,
logarithmic-growing LNCaP and PC-3 cells were incubated
with Taxotere (0 to 1 uM) in triplicate. Twenty-four hours
later, the attached viable cells were counted by the Coulter
counter model Z1, as previously reported.17 Cell survival (per-
centage) was calculated as (experiment + control) X 100%.
The results were presented as the mean with the percentage of
the standard error.

CyTOsoLIC EXTRACTS

Cell pellets were washed in phosphate-buffered saline, pel-
leted again, resuspended in buffer A (10 mM Hepes [pH 7.9],
1.5 mM MgCl,, 10 mM KCl, 5 mM dithiothreitol, 5 mM phe-
nyl methyl sulfonyl fluoride, and protease inhibitors [50
pg/mL antipain, 2 pg/mL aprotinin, 1 ug/mlL leupeptin, and 1
pg/mL pepstatin]) and placed on ice for 10 minutes. The cells
were then aggitated and centrifuged for 10 seconds. The su-
pernatant was placed in a separate tube and 10 mM of ethyl-
enediaminetetraacetic acid, 120 mM of KCl, and 20% glycerol
was added. This cytosolic extract mixture was stored at
—80°C.
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FIGURE 1. (A) Caspase-3 is involved in Taxotere-in-
duced cell death in LNCaP cells. LNCaP cells were
treated with 40 nM of Taxotere for the indicated time
points. Total cellular proteins (100 ug) were subject to
SDS-PAGE followed by immunoblotting for caspase-3.
(B) Caspase-8 is involved in Taxotere-induced cell death
in PC-3 cells. PC-3 cells were treated with 40 nM of
Taxotere for the indicated time points. Total cellular
proteins (100 ug) were subject to SDS-PAGE followed
by immunoblotting for caspase-8. GADPH was used as
a control for both parts A and B.

WESTERN BLOT ANALYSIS

Equal amounts of cytosolic extract (100 pg) were analyzed
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
followed by Western blotting using polyclonal goat caspase-3,
caspase-7, and caspase-8 antibodies (Santa Cruz Biotechnol-
ogy, Santa Cruz, Calif), polyclonal goat BH3-interacting do-
main death agonist (BID), clusterin, and c-Fos antibodies
(Santa Cruz Biotechnology), and polyclonal rabbit survivin
antibody (R&D Systems, Minneapolis, Minn).

RESULTS

CYTOTOXICITY AssAY OF TAXOTERE ON LNCaP AND
PC-3 CELLs

When LNCaP and PC-3 cells were exposed to
different dosages of Taxotere (0 to 1 uM), the LDs,
(defined as the concentration of the agent needed
to inhibit the growth of cells by 50%) was approx-
imately 40 nM (data not shown). On the basis of
these cytotoxicity results, we used a concentration
of 40 nM to study the various apoptotic stimuli
induced by Taxotere.

LNCaP aND PC-3 CELLs USE DIFFERENT CASPASES TO
ACHIEVE APOPTOSIS

To demonstrate which caspases are involved in
the death of Taxotere-treated LNCaP and PC-3
cells, we analyzed the various caspases involved in
apoptosis. These included caspase-3, 7, and 8. LN-
CaP cells demonstrated caspase-3 cleavage (Fig.
1A) and faint bands of caspase-7 were visualized
(data not shown); however, no caspase-8 was de-
tectable by Western blot analysis. In PC-3 cells,
caspase-8 cleavage was observed (Fig. 1B), and
caspase-3 and caspase-7 were not visualized. These
results suggest that the LNCaP and PC-3 cell lines
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FIGURE 2. Clusterin expression in LNCaP cells before
and after treatment with 40 nM of Taxotere. Total pro-
tein was extracted from LNCaP cells at various time
points and 100 pg was subject to SDS-PAGE followed
by immunoblotting for clusterin.

use different caspases to proceed through Taxo-
tere-induced apoptosis.

BID CLEAVAGE IN TAXOTERE-TREATED PC-3 CELLS

To examine the cleavage of BID, Western blot
analysis was performed using total cellular protein.
BID cleavage in PC-3 cells was seen after only 30
minutes of Taxotere treatment (data not shown).
This cleavage was observed at all time points
tested. LNCaP cells did not demonstrate BID cleav-
age. These data support our hypothesis that
caspase-8 cleaves BID in PC-3 cells going through
Taxotere-induced apoptosis.

CLUSTERIN EXPRESSION IN LNCaP CELLs Is ABSENT IN
PC-3 CELLs

Western blot analysis of clusterin expression in
Taxotere-treated LNCaP cells demonstrated activ-
ity at all time points, except at 0.5 and 24 hours
(Fig. 2). PC-3 cells did not show clusterin expres-
sion at any time points tested (data not shown). To
support this finding, we also investigated c-Fos.
Activated c-Fos has been shown to repress clus-
terin gene expression.'® Phosphorylation, or acti-
vation, of c-Fos was seen in PC-3 cells at all time
points, with the exception of 4 and 8 hours (data
not shown). A faint band at 1 hour and the absence
of a band at both the 4 and 8-hour time points
demonstrated the half-life of c-Fos, which is ap-
proximately 2 hours. Taxotere treatment may have
had an effect on the half-life of c-Fos; however, it
did not affect its constitutive activation. LNCaP
cells, however, demonstrated no activation of c-
Fos at any point. These results suggest that expres-
sion of activated c-Fos in PC-3 cells represses clus-
terin gene expression and treatment of these cells
with 40 nM of Taxotere does not induce clusterin
expression.

EXPRESSION OF A NOVEL APOPTOSIS INHIBITOR,
SurviviN, IN PC-3 CELLS

Treatment of PC-3 cells with 40 nM of Taxotere
resulted in increased expression of survivin at 4, 8,
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FIGURE 3. Survivin is involved in Taxotere-induced cell
death in PC-3 cells. PC-3 cells were treated with 40 nM
of Taxotere for the indicated time points. Total cellular
proteins (100 pg) were subject to SDS-PAGE followed
by immunoblotting for survivin.

16, and 24 hours after treatment (Fig. 3). The ab-
sence of bands at 0.5, 1, and 2 hours was due to the
half-life of survivin, which, similar to c-Fos, is ap-
proximately 2 hours. LNCaP cells, however, did
not demonstrate survivin expression at any point.
These results suggest a novel pathway of apoptosis
for the androgen-independent cell line, PC-3, dif-
ferent from that of the androgen-responsive LN-
CaP cell line.

COMMENT

The results of this present study suggest that the
androgen-responsive LNCaP cells use a different
apoptotic pathway than the androgen-independent
PC-3 cells when treated with Taxotere. In this
study, we demonstrated that LNCaP cells cleave
caspase-3 after 30 minutes of Taxotere treatment
(40 nM). Faint bands demonstrating caspase-7
were also visualized. No caspase-8 was detected
before or after Taxotere treatment. However, the
opposite was true in PC-3 cells. After treatment
with 40 nM Taxotere, cleavage of caspase-8 was
detected after only 1 hour. Neither caspase-3 nor
caspase-7 could be visualized in this cell line before
or after Taxotere treatment.

Caspase-8, also known as Mch5, MACHal, or
FLICE, exhibits a high sequence homology with
caspase-3 and caspase-7.1° However, caspase-8 is
associated with the Fas-associated death domain,?°
which has been shown to serve as a docking pro-
tein for caspase-8, tethering the enzyme to acti-
vated Fas. The cross-linking of Fas to its cognate
ligand results in the activation of signaling cas-
cades, including the cleavage of caspase-8, which
leads to cell death.2! Caspase-8 has been associated
with BID, a BH3 domain-containing pro-apoptotic
bel-2 family member.22 Although BID is located
within the cytosol, a truncated form of BID,
cleaved by caspase-8, translocates to the mitochon-
dria and transduces apoptotic signals from the cy-
toplasmic membrane to the mitochondria (Fig.
4).22 Phosphorylation of bcl-2, release of cyto-
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FIGURE 4. The two different Taxotere-induced apopto-
tic pathways in LNCaP and PC-3 cells are shown. Al-
though BID is located within the cytosol, a truncated
form of BID (tBID), cleaved by caspase-8, translocates
to the mitochondria and transduces apoptotic signals
from the cytoplasmic membrane to the mitochondria.
TNF = tumor necrosis factor; FADD = Fas-associated
death domain; dATP/IATP = deoxyadenosine triphos-
phateladenosine triphosphate; APAF-1 = apoptosis
protease activating factor-1.

chrome c, loss of mitochondrial membrane poten-
tial, cell shrinkage, and nuclear condensation are
all induced by caspase-8 without the initiation of
the caspase cascade.?2 This phenomenon explains
the phosphorylation of bcl-2 without subsequent
activation of caspase-3 and caspase-7 in PC-3 cells.

Survivin, a novel apoptosis inhibitor, is ex-
pressed constitutively in PC-3 cells. It is degraded
0.5, 1, and 2 hours after treatment with 40 nM
Taxotere but appears again at the 4-hour point and
is sustained, increasing in quantity through 8, 16,
and 24 hours. Survivin has been shown to inhibit
apoptosis by binding to the terminal effectors,
caspase-3 and caspase-7, but not to their proforms
or to the active initiator caspase-8.1¢ It has also
been implicated in protecting cells from anticancer
drugs such as paclitaxel.?> Our data suggest that
the expression of survivin blocks the activation of
caspase-3 and caspase-7 in PC-3 cells.

We also looked at an apoptosis maker previously
found in prostate cancer cells.}* Clusterin was ex-
pressed in LNCaP cells and increased in quantity
after 2 hours of Taxotere treatment. However, clus-
terin was absent in PC-3 cells before and after treat-
ment. To support this finding, we looked at c-Fos,
which has been shown to repress clusterin expres-
sion.!® Our data demonstrate phosphorylation of
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c-Fos in PC-3 cells, both before and after treatment
with Taxotere. No activation of c-Fos was present
in LNCaP cells and therefore clusterin is ex-
pressed. These data suggest that the activation of
c-Fos in PC-3 cells represses clusterin expression.

CONCLUSIONS

Although both LNCaP and PC-3 cells represent
special cases in prostate cancer biology, on the ba-
sis of the data presented here, we believe that the
androgen-responsive cell line, LNCaP, proceeds
through Taxotere-initiated apoptosis by way of
phosphorylation of bcl-2, release of cytochrome c,
and subsequent activation of the caspase cascade,
which includes the initiator caspase-9, activating
the effector caspases, caspase-3 and 7. Clusterin
expression appears to be an appropriate indicator
of apoptosis for these cells, as c-Fos is not activated
and therefore not repressing its expression. On the
contrary, PC-3 cells appear to use an entirely dif-
ferent pathway. The androgen-independent PC-3
cells do not express caspase-3 or caspase-7; how-
ever, they do demonstrate activation of caspase-8.
These cells appear to proceed through apoptosis
using caspase-8, which cleaves BID and phosphor-
ylates bcl-2, causing release of cytochrome ¢ and
apoptosis of the cell, bypassing the caspase cas-
cade. The survivin expression found in PC-3 cells
supports this pathway, because of its blockage of
caspase-3 and caspase-7 activation. These two dis-
tinctly different pathways deserve further study
and will be included in our future investigations.
That androgen-insensitive PC-3 cells undergo ap-
optosis through a different pathway opens up new
directions for designing novel molecular targets for
hormone-refractory prostate cancer.
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Abstract

A previous study from our laboratory suggested that prostate cancer metastasis to bone may be mediated, in part, by
preferential adhesion to human bone marrow endothelial (HBME) cells. Tumor cell adhesion to endothelial cells may be
modulated by the effect of cytokines on cell adhesion molecules (CAMs). Tumor necrosis factor-alpha (TNF-) regulates
VCAM expression on the endothelium and this effect is enhanced by dihydrotestosterone (DHT). Transforming growth
factor-beta (TGF-B) stimulates the expression of af;integrin on PC-3 cells. The current study investigated the effects of
the above cytokines and DHT (singularly and in various combinations) upon HBME and prostate cancer cell expression of
VCAM, > integrin subunit, and 8; integrin subunit by flow cytometry. We also monitored the effects of the above treatments
on PC-3 cell adhesion to HBME monolayers. The data demonstrate that none of the treatments significantly altered the
expression of selected CAMs on HBME cell and neoplastic prostate cell lines. The treatment of HBME monolayers with
various combinations of cytokines and DHT prior to performing adhesion assays with PC-3 demonstrates that treatments
containing TGF-8 reduced PC-3 cell adhesion to HBME monolayers by 32% or greater (P < 0.05). The reduction in
PC-3 cell adhesion to TGF-B-treated HBME monolayers was dose dependent. Interestingly, LNCaP cells but not PC-3
cells treated with TGF-8 had a reduced ability to adhere to untreated HBME monolayers. These results suggest that TGF-8
may reduce tumor cell adhesion to bone marrow microvascular endothelium, in vivo. The biological significance of this
observation is discussed.

Introduction with TNF-a express increased amounts of vascular cell ad-
hesion molecule-1 (VCAM-1) and E-selectins. Both CAMs
During cancer cell metastasis, tumor cells detach from the have been shown to mediate tumor cell adhesion to vascu-

primary mass, enter blood circulation. adhere to vascular
endothelial cells at a specific site, exit blood circulation at
that site, induce angiogenesis, and establish a secondary
mass [1]. Prostate cancer preferentially metastasizes to bone
and causes significant bone pain [2]. A previous study sug-
gested that prostate cancer metastasis to bone may be, in
part, a result of preferential adhesion to human bone marrow
endothelial (HBME) cells [3]. The cell adhesion molecules
(CAMs) responsible for PC-3 cells’ (a prostate cancer cell
line derived from a bone metastasis) interaction with HBME
cells, however, were not extensively examined in that study.

CAMs mediate, in part, the adhesion of tumor cells to the
endothelium. The CAMs on endothelial cells are typically
influenced by inflammatory cytokines such as tumor necro-
sis factor-alpha (TNF-¢) [4, 5]. Endothelial cells stimulated
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lar endothelial cells [5-7]. Interestingly, the TNF-«-induced
expression of VCAM-1 on human umbilical vein endothelial
cells (HUVECs) is enhanced by treatment of HUVECs with
dihydrotestosterone (DHT) [8].

The expression of CAMs on prostate cancer cells is also
regulated by cytokines [9]. The integrin a2 81 mediates PC-
3 cell adhesion to collagen I, which is a major component
of the bone matrix. Furthermore, the expression of this in-
tegrin on PC-3 cells is upregulated by transforming growth
factor-beta (TGF-B), which is a prevalent cytokine in the
bone marrow. TGF-8 first binds TGF-8 receptor type II,
which presents the TGF-8 ligand to TGF-f receptor type 1.
The TGF-8 receptor type [ is activated by phosphorylation
and interacts with an adaptor protein SARA (Smad anchor
for receptor activation). SARA then propagates the TGF-8
signal to intracellular signaling mediators known as Smad2
and Smad3. Smad 2 and 3 interact with Smad 4 and the
Smad complexes are translocated to the nucleus, where they
activate specific genes. Interestingly, Smad 3 is an important
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coregulator for androgen-signaling in prostate cancer cells
[10].

Nakashima et al. [11] reported that serum levels of
TNF-« are elevated in prostate cancer patients. TNF-a fa-
cilitates metastasis by enhancing endothelial cell expression
of CAMs that would in turn mediate cancer cell adhesion
to the endothelium {7]. In addition, the normal physiological
levels of DHT (4—40 nmol/1) can enhance surface expression
of VCAM on TNF-« stimulated endothelial cells [8]. TGF-
B is a prevalent cytokine in the bone matrix and has been
demonstrated to enhance the expression of the collagen I
receptor, o281 [12]. It is therefore conceivable that TGF-
B regulates CAM expression on both prostate cancer cells
and HBME cells that can affect their interaction.

Based upon these findings, we examined the interplay
between CAMs, cytokines and androgens such as DHT.
Specifically, the present study investigated the effects that
TGF-8, TNF-o, and DHT (singularly and in various com-
binations) have upon selected prostate cancer cell adhesion
to HBME cell monolayers. We also determined the effect
these soluble factors have on HBME cell expression of
three CAMs: o2 integrin subunit, 1 integrin subunit, and
VCAM. Lastly, we investigated the effects of these soluble
factors on the surface expression of @2 integrin and B1 in-
tegrin subunits on normal and neoplastic prostate cell lines.
TNF-« was excluded from the treatment protocol for normal
and neoplastic prostate epithelial cell lines because it has a
cytotoxic effect on some cancer cell lines in this study [13].

Materials and methods

Cell lines

Human bone marrow endothelial (HBME) cells were devel-
oped and described in a previous publication [3]. Normal
prostate epithelial cells, 267B1, were a generous gift from
Dr Jill Mascoska. University of Michigan Comprehensive
Cancer Center (Ann Arbor, Michigan). WiDr (colon can-
cer cell line), LNCaP (prostate cancer cell line derived
from a lymph node metastasis that expresses androgren re-
ceptor) and PC-3 (prostate cancer cell line derived from a
bone metastasis that does not express androgren receptor)
were obtained from the American Type Culture Collec-
tion (ATCC). HBME and WiDr were maintained in Dul-
becco’s Modified Eagle Medium with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin; LNCaP and
PC-3 were maintained in RPMI Medium with 10% FBS
and 1% penicillin/streptomycin. The immortalized normal
prostate epithelial cell line. 267B1, was maintained in De-
fined Keratinocyte-SFM supplemented with growth factors
(Gibco), 10% FBS and 1% penicillin/streptomycin.

Flow cytometry procedure and analysis

The cell lines were seeded in either T-75 or T-150 flasks and
grown to confluence. Once confluent. the HBME cell mono-
layers. normal and neoplastic epithelial cells were treated as
described in respective figure legends. The concentrations
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of DHT and TNF-a were used because they were demon-
strated to increase the expression of VCAM on endothelial
cells [8]. TGF-8 concentration was selected because it in-
creased PC-3 adhesion to bone matrix [12]. Before flow
cytometric procedures, one million cells were incubated
with 100 p1 of antibodies to o2 integrin subunit, 8y integrin
subunit or VCAM (for HBME cells only) at a concentration
of 10 ug/ml for 45 min at room temperature. The cells were
washed with 10 volumes of PBS, centrifuged and the pellets
were incubated with 10 ug/m!l of anti-mouse FITC conjugate
IgG (Sigma Chemical Co., St. Louis, Missouri) for 45 min
at room temperature. Cells incubated with secondary anti-
bodies only served as negative controls. After incubation
with secondary antibodies, cells were washed again with
10 volumes of PBS, fixed with 3% paraformaldehyde, pH
7.4, and analyzed for fluorescence with an Epics Elite Flow
Cytometer (Coulter Corp., Miami, Florida). The percentage
of positive cells was determined by subtracting the negative
control value of the histogram from tested sample values.
The average of two replications is reported.

Adhesion assays

Adhesion assays were performed as reported earlier [3].
Briefly, human bone marrow endothelial (HBME) cells were
seeded onto plastic and grown to confluence in ‘snap-apart’
96-well tissue culture plates (Fisher Scientific, Pittsburgh,
Pennsylvania). Prostate cancer cells (PC-3 or LNCaP) or
HBME cells were treated with various combinations of
cytokines and DHT for approximately 24 h prior to the
adhesion assay. The media containing the treatments were
removed shortly before starting the adhesion assay and
replaced with adhesion media (MEM, 1% bovine serum al-
bumin). Prostate cancer cells were labeled with SICr sodium
salt and layered over monolayers of HBME cells for 30 min
at 37°C. The plates were gently washed three times with
PBS and assayed for gamma particle emission using a
gamma counter. Cell adhesion was reported as counts per
minute (CPM) relative to the adhesion of controls, which
were set to 100. Experiments were done in quadruplicates
and repeated a minimum of two times.

Membrane preparation and Western blotting

Cells were dounced in a 20 mM HEPES buffer (pH 7.4) sup-
plemented with 5 mM Na3VO4 and I mM phenylmethylsul-
fonylflouride (PMSF). The resulting slurry was centrifuged
at 100000 x g for 35 min at 4°C to pellet membrane
fractions. The membrane fractions were solubilized in lysis
buffer (20 mM sodium phosphate (pH 7.5), 100 mM NaCL,
1% triton X-100, 0.5% Na%t deoxycholate and 0.1% SDS)
and the protein concentrations were determined. Fifty micro-
grams of protein were resolved on a 7.5% polyacrylamide
ready gel and transferred to a nitrocellulose membrane in
accordance with manufacturer’s instructions (Bio-Rad Lab-
oratories, California). The membrane was blocked overnight
at 4°C with blocking buffer (Tris-buffered saline (TBS)
pH 7.7 {0.05M Tris base, 0.15M NaCL} supplemented with
0.05% tween 20 and 10% nonfat powdered milk), probed for
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1 h at room temperature (RT) with rabbit polyclonal anti-
TGEF-B type II receptor (Santa Cruz Biotechnology) diluted
1/5000 in probing solution (TBS pH 7.7 supplemented with
0.1% tween 20 and 2.5% nonfat powdered milk) and washed
four times with probing solution. Next, the membrane was
subjected to goat anti-rabbit IgG secondary antibody di-
luted 1/1000 in probing solution for 1 h at RT, washed four
times and band visualized by chemiluminesence according
to manufacturer’s instructions.

Statistical analysis

For flow cytometry data, equality among treatment effects
were assessed by Kruskal-Wallis tests due to the small num-
ber of replications for each treatment. For adhesion assay
data. natural-log transformed measurements were analyzed
by analysis of variance (ANOVA) to assess treatment effects.
Adjustments for experimental groups were made where ap-
plicable. The estimates represent the expected values of
the experimental group relative to the control group. In the
graphs, the control group is plotted at 100. The estimated
value and its 95% confidence interval were obtained by tak-
ing the anti-logarithm of the results from the analysis of
variance. Statistical analyses were carried out with the SAS
8 software.

Results

The effects of cytokines and DHT on prostate cancer cell
adhesion to HBME monolayers

Adhesion assays were done to determine the effect of solu-
ble factors on HBME cell monolayers® ability to bind PC-3
cells. The data demonstrates a 39% reduction (95% confi-
dence interval (22%, 52%) in PC-3 cell adhesion to HBME
cells only when the treatment included TGF-g1 (Figure 1,
P = 0.001). Neither TNF-« nor DHT, alone or in combina-
tion, affected PC-3 cell adhesion to HBME cell monolayers.
To determine if the observed decrease in PC-3 cell ad-
hesion to TGF-g-treated HBME cells is dose dependent,
HBME cells were treated with various doses of TGF-8 and
then used in adhesion assays. The data demonstrate that
the adhesion of PC-3 cells to TGF-B-treated-HBME cell
monolayers is dose-dependent beyond a concentration of
0.1 ng/ml (Figure 2, P = 0.001).

To determine the effect TGF-8 had on PC-3 cells’ and
LNCaP cells’ ability to adhere to HBME monolayers, PC-
3 and LNCaP cells were treated with 10 ng/ml of TGF-8.
This concentration was demonstrated to increase PC-3 cell
adhesion to collagen type I enriched matrix [9]. Our result
demonstrates that treatment of LNCaP cells (P = 0.02), but
not PC-3 cells (P = 0.14), with TGF-8 significantly reduces
their ability to adhere to HBME cell monolayers (Table 1).
Western analysis was done on membrane preparations from
cell lines used in this study to evaluate the expression of
TGF-8 receptor type II, which binds TGF-8 ligand from
the culture fluid [14]. Beta-1 integrin subunit was probed

Table 1. The effect of TGF-g treatment on PC-3 and
LNCaP adhesion to HBME cell monolayers.

Cell lines/treatment  Percentage relative to control,

95% confidence interval

LNCaP /Control 100
LNCaP/Treated 56 (36, 87)
PC-3/Control 100

PC-3/Treated 88 (74, 104)

Percent relative to controls of LNCaP and PC-3 cell ad-
hesion to HBME monolayers.

Both LNCaP and PC-3 cells were treated for 24 h with
10 ng/ml of TGF-B prior to being used in adhesion
assays.

Table 2. The effect of TNFx on endothelial CAM

expression.
Antibodies  Non-stimulated ~ TNFa-stimulated
E-selectin 2 45
VCAM 3 65
PeCAM 99 -

HUVEC were probed for the above cell adhesion mole-
cules under non-stimulated and cytokine stimulated
conditions. Maximal expression of E-selectin was de-
tected at 4 h of cytokine stimulation and VCAM max-
imal expression was detected at 16-24 h of cytokine
stimulation. PeCAM does not require cytokine activa-
tion and normally found in high amount on endothelial
cells. The numbers are percentage above background.
Background was determined by the amount of fluores-
cence associated with cells untreated with antibodies.

as control for membrane preparations. The result demon-
strates that TGF-B receptor type II is only expressed in the
WiDr and LNCaP cell lines (Figure 3). As expected, all cell
lines express beta-1 integrin subunit, thus demonstrating the
success of our procedure for isolating membrane-associated
proteins.

The role of DHT in prostate cancer cell adhesion to
HBME was next determined. Unlike PC-3 cells, LNCaP
cells are androgen responsive. The effect of DHT on the
proliferation of LNCaP cell is known [15]. To the authors’
knowledge, however. no information exists regarding the
effect DHT has on LNCaP cells’ ability to adhere to an
endothelial monolayer. Using a broad range of DHT concen-
trations in standard medium supplemented with charcoal-
stripped fetal bovine serum, we demonstrate that DHT does
not reduce LNCaP cell adhesion to HBME monolayers (Fig-
ure 4a). DHT only marginally decreases PC-3 cell adhesion
at the highest dose (200 nmolar), which is above the nor-
mal physiological range [9] (Figure 4b). Because PC-3 cells
do not express androgen receptors, this outcome was not
expected and cannot be explained.

The effects of cytokines and DHT on CAM expression

HBME cells were treated with cytokines and DHT as de-
scribed in Figure 1 for the expression of VCAM-1. a2 and
B1. The concentration of DHT used in this study is within the
normal range of testosterone in human male serum. The data
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Figure I. PC-3 cell adhesion to HBME cell monolayers treated with cytokines and DHT. The control (solid circle) is the magnitude of PC-3 cell adhesion
to untreated HBME cell monolayer, which is defined as treatment 1. Treatments are as follows: (1) HBME culture media (Control), (2) 500 U/ml of
TNF-e. (3) 10 ng/ml of TGF-8, (4) 500 U/m! of TNF-« and 10 ng/ml of TGF-8, (5) 40 nmol/l of DHT and 500 U/ml of TNF-a, (6) 40 nmol/l of DHT
and 10 ng/ml. (7) 40 nmol/l of DHT. and (8) 40 nmol/L of DHT, 10 ng/ml of TGF-g, and 500 U/ml of TNF-o. The original culture medium was used
as a solvent for each treatment. HBME cells were treated for approximately 24 h. Statistically significant values relative to the control are indicated by

*(P < 0.05). Bars represent 95% confidence interval based on the ANOVA.

demonstrate no statistically significant difference between
the 8 experimental conditions for surface expression of
VCAM, alpha-2 integrin subunit, and beta-1 intregin subunit
(all P-values are > 0.17) (Figure 5). HUVEC monolayers
were treated as a control for TNF-« effect on endothelial
cells (Table 2). HUVEC are sensitive to TNF-« stimulation
and respond by expressing VCAM and E-selectin. Our data
demonstrate that VCAM and E-selectin expression on HU-
VECs are upregulated by TNF-« treatment, thus indicating
that our TNF-« treatment is effective.

The effect of TGF-B8 and DHT on a2 and B; integrin
subunit expression in normal and neoplastic cell lines was
investigated. TNF-a was excluded from treatment regimens
because of its reported cytotoxity on the LNCaP cell line [13,
16]. The data demonstrate that none of the four treatments
significantly affected the expression of a2 and g integrin
subunits in any cell line evaluated (all P-values > 0.14)
(Figures 6A and B).

Discussion

The role that important cytokines (i.e., TNF-o and TGF-8)
and androgen may play in prostate cancer cell adhesion to
HBME monolayers has not been studied well. Cytokines
have been demonstrated to regulate the expression of CAMs

on both endothelial cells and prostate cancer cells [12, 17].
The cytokine activation of some endothelial cell types is
enhanced in the presence of DHT [8]. The current study re-
ports the effect of DHT and selected cytokines on endothelial
cells and prostate cancer cells, and gives a rationale for the
cytokines that were evaluated.

Serum levels of TNF-o have been demonstrated to be
elevated in patients with advanced prostate cancer [11].
TNF-«a is a potent activator of CAM expression on endothe-
lial cells [17]. CAMs typically expressed on endothelial cell
surfaces in response to TNF-¢ stimulation are VCAM, E-
selectin and intracellular cell adhesion molecule (ICAM)
[17]. These CAMs are known to mediate adhesion of a
variety of tumor cells to HUVEC [7, 18, 19]. TNF-¢ in-
duced VCAM expression on HUVEC is enhanced in the
presence of physiologic concentrations of DHT [8]. DHT
alone does not induce VCAM expression. The current study
demonstrates that our immortalized HBME cells do not ex-
press VCAM in response to TNF-a stimulation. This is not
the case for HBME cells immortalized in other laborato-
ries [17, 20]. Interestingly, prostate cancer cell lines used
in this study do not express receptors for VCAM, ICAM
and E-selectin [21, 22]. Galectin-3, which is carbohydrate-
binding protein, is expressed in PC-3 and LNCaP cells and
it has been demonstrated to mediate PC-3 cell adhesion
to HBME monolayers [4, 23]. Although the receptor for
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Figure 2. The effect of ascending concentrations of TGF-8 on PC-3 cell adhesion to HBME cell monolayers. The control (solid circle) is the magnitude of
PC-3 cell adhesion to untreated HBME cell monolayers. Statistically significant values relative to the control are indicated by *(P < 0.05). Bars represent

95% confidence interval based on the ANOVA.
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Figure 3. Western blot analysis of TGF-§ receptor type Il in membrane preparations of selected human cell lines. Beta-1 integrin subunit was evaluated

as a contro] for the membrane associated proteins.

galectin-3 has not been identified, the data demonstrate that
TNF-a stimulation does not alter its expression. The data
generated during this investigation. therefore, suggest that
TNF-« stimulation does not mediate prostate cancer cell ad-
hesion to HBME cell monolayers via well-known inducible
endothelial CAMs or unknown CAMs.

Although concentrations of plasma TGF-8 do not corre-
late with progression of prostate cancer [23], this cytokine
is prevalent in the bone, the preferred metastatic site for
prostate cancer [24]. Kostenuik et al. [12] demonstrated
that TGF-8 upregulated PC-3 expression of @28 and sub-
sequently upregulated PC-3 cell adhesion to collagen type I.
Data presented here does not support this phenomenon. Flow
cytomeric analysis demonstrated that TGF-8 did not alter
2By expression on PC-3 cells and several cell lines in-
cluding a colon cancer cell line (WiDr). a prostate cancer
cell line derived from a lymph node metastasis (LNCaP), a

normal prostate epithelial cell line immortalized with SV40
(NP,267B-1) [25] and our immortalized HBME cells. The
difference between Kostenuik et al.’s study and the current
study is that cell lysates were probed for a2 8 in the former
study. In the latter study, flow cytometry was used to evaluate
a2 B expression at the cell surface. The inability of TGF-
B to induce any response in selected cell lines was not due
to the presence or absence of TGF-8 receptor type II. We
focused solely on receptor type II because it is responsible
for binding TGF-$ ligand from the medium and activating
the signaling pathway [10]. TGF-8 type II receptors were
detected in WiDr and LNCaP cell membrane preparations
by Western blotting. A previous study demonstrated that
LNCaP and PC-3 cells expressed TGF-B receptor type II
[15]. A more recent study [26] demonstrated that LNCaP
cells do not express TGF-8 receptor type II under con-
ventional cell culture conditions. The objectives of these
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Figure 4. The effect of DHT on prostate cancer cell adhesion to HBME cell monolayers. A. LNCaP cells (A) and PC-3 cells (B) were treated for 24 h
with increasing nanomolar concentrations of DHT dissolved in standard culture medium supplemented with charcoal-stripped fetal bovine serum. The
control (solid circle) is the magnitude of untreated LNCaP cell adhesion to HBME cell monolayers. Statistically significant values relative to the control

are indicated by *(P < 0.05).

particular experiments were (1) to determine if TGF-8 up-
regulated a28; integrin expression in PC-3 cells only and
(2) to determine if a2B; integrin plays a role in prostate
cancer cell preferential adhesion to HBME in vitro. Alpha-
2, beta-1 integrin mediates cell adhesion to extra-cellular
matrix (ECM) components collagen type I, II, III and IV
[22]. However, it is known that CAMs that mediate cell-to-
ECM interactions can also mediate cell-to-cell interactions
such as a5 8] mediating the adhesion of human osteosarcoma
cells, human melanoma cells and human kidney carcinoma
cells to HUVEC [27]. The ligand for s f; integrin is ECM
component fibronectin [22]. Our data demonstrate that o> 8
integrin is equally expressed on LNCaP. normal prostate ep-
ithelial cells and PC-3 cells, and slightly more expressed
on the WiDr cells. WiDr cells adhere poorly to HBME cell
monolayers and are used as a negative control in our adhe-

sion assays [3]. Based on these observations. we conclude
that > 8; integrin does not mediate preferential adhesion of
prostate cancer cells to HBME cell monolayer.

The current study demonstrates that treatment of HBME
monolayers with TGF-8 significantly reduces their ability
to bind PC-3 cells. The TGF-f treatment of LNCaP and not
PC-3 cells also reduces their ability to bind HBME monolay-
ers. This occurred despite our inability to detect TGF-8 type
II receptors on HBME cells. The TGF-B mediated inhibition
was first demonstrated in a murine model consisting of P815
mastocytoma and microvascular endothelial cells [28]. The
CAMs regulated by TGF-8 were not identified in that study
or the current study. The amount of TGF-8 in the bone is
greater than in any other organ [12]. Based on Bereta et al.’
[28] and our observations, its presence in the bone should
reduce the incidence of bone metastasis. This suggests that
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Figure 5. The effect of selected cytokine and DHT treatments on ¢2 8} and VCAM expression on HBME cells as determined by flow cytometry. Treatments
are as follows: (1) HBME culture media (Control). (2) 500 U/ml of TNF-g, (3) 10 ng/ml of TGF-8, (4) 500 U/ml of TNF-« and 10 ng/ml of TGEF-8, (5)
40 nmol/l of DHT and 500 U/ml of TNF-a. (6) 40 nmol/ of DHT and 10 ng/ml. (7) 40 nmol/l of DHT, and (8) 40 nmol/l of DHT. 10 ng/ml of TGF-B. and
500 U/ml of TNF-c. The original culture medium was used as a solvent for each treatment. HBME cells were treated for approximately 24 h, the medium

was removed and replaced with adhesion assay medium.

other factors in the bone may be negating the TGF-p effect
on bone marrow endothelial cells and/or the concentration of
TGF-$ in the bone is not sufficient to alter CAM expression
on the endothelium or metastasizing prostate cancer cells.
Our data demonstrate a reduction in PC-3 cell adhesion to
HBME cell monolayers at TGF-8 concentrations exceeding
0.1 ng/ml. Using a murine model, Bereta and colleagues
[28] demonstrated a reduction at TGF-8 concentrations ex-
ceeding 0.5 ng/ml. Another explanation may be that TGF-8
reduces bone metastasis in cancer cells that are TGF-8
responsive, like LNCaP. The ability of TGF-8 to reduce
LNCaP but not PC-3 cell adhesion to HBME monolayers
may explain the inability of LNCaP cells to metastasize to
bone. Because TGF-8 reduces HBME monolayers’ ability
to bind PC-3 but enhances PC-3’s ability to bind collagen I,
this cytokine may have mediated PC-3"s ability to detach
from the bone marrow endothelium and attach to the under-
lying bone matrix, which is composed mainly of collagen I
[12].

In summary, this investigation demonstrates that DHT
and TNF-o do not alter prostate cancer cell adhesion to bone
marrow endothelial cells in vitro. Although TNF-o induces
the expression of VCAM and E-selectin on HUVEC, it does
not induce the expression of these CAMs on our established
HBME cell line. HBME cell monolayers treated with TGF-8

have a reduced affinity for prostate cancer cells in vitro. The
TGF-B mediated effect is dose dependent. Because TGF-8
is a common cytokine in the bone microenvironment, which
is a common site for prostate cancer metastasis [12], it is un-
likely that the effect of TGF-B on bone marrow endothelial
cells prevents metastasis. We therefore speculate that TGF-8
may play a role in releasing the attached cancer cells from
the endothelium and upregulating their adhesion to the col-
lagen I enriched bone matrix via enhanced @2 expression
[9, 12]. The prevalence of TGF- in the bone and its ability
to reduce endothelial cell binding to prostate cancer cells
may be exploited to prevent skeletal complications associ-
ated with metastatic prostate cancer. Studies are currently
underway to identify the CAMs on HBME cells that are
regulated by TGF-8.
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#4045 EXPRESSION OF CLUSTERIN IN ANDROGEN INDEPENDENT
PROSTATE CANCER CELLS AFTER TRANSFECTION WITH AN IxkBa “SU-
PER-REPRESSOR”. Heather J Muenchen, D. L Linn, M. A Walsh, E. T Keller, ang
K. J Pienta, Univ of Michigan, Ann Arbor, MI

Sulfated glycoprotein-2 (SGP-2), also known as clusterin, has been associated
with programmed cell death. In prostate cancer, SGP-2 expression is associated
with castration-induced programmed cell death, and is also known as the tes-
tosterone repressed message (T! RPM-2). These findings suggest that SGP-2 s g
marker for cell death. Many androgen insensitive prostate cancer cells do not
proceed through TNF-o- induced cell death due to the expression of antiapop-
totic genes located in the nuclear factor-xB {NF-«B) family of transcription factors.
NF-«B stimulates gene transcription when expressed in the nucleus, however, in
resting cells, this nuclear import is prevented by association with the cytoplasmic
inhibitor IxBa. During normal TNF-a cell activation, nuclear transiocation of
NF-«B is preceded by phosphorylation and degradation of IxBa. In these studies,
we have transfected androgen dependent and independent prostate cancer cells
with an IxBa “super-repressor”, PCMVA4-IxB,gopp sasa Which is a mutated
nondegradable IxBa resistant to phosphorylation and degradation. This “super-
fepressor” mediated sensitization to TNF-« overcomes the TNF-a insensitivity of
androgen independent cells and forces them through apoptosis. We have shown
here that PC-3 cells transfected with PCMV4-1kBgss . s364 and stimulated with
TNF-a (10ng) demonstrate production of SGP-2, where untransfected and control
cells do not. Androgen dependent LNCaP cells express SGP-2 constitutively, but
demonstrate breakdown of the protein into its subunits after PCMV4-IxkBg;,a -
s3ea transfection and TNF-a stimulation. :
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TNF-a INSENSITIVE PROSTATE CANCER CELLS EXPERIENCE
APOPTOSIS WHEN TRANSFECTED WITH AN IxBa “SUPER-
REPRESSOR”. H. J. Muenchen, D. L. Lin, M. A. Walsh, E. T. Keller, K.
J. Pienta. Ann Arbor, MI. (Presented by H. J. Muenchen)

INTRODUCTION AND OBJECTIVES: Prostate cancer patients experiencing
arelapse in disease often express high serum tumor necrosis factor-a (TNF-q) levels.
In most cell systems, high levels of TNF-¢ would induce a cell to proceed through
apoptosis. However, many androgen insensitive prostate cancer cells are TNF-a
insensitive due to the expression of antiapoptotic genes located in the nuclear factor-
KB (NF-xB) family of transcription factors. NF-xB stimulates gene transcription
when expressed in the nucleus, however, in resting cells, this nuclear import is
prevented by association with the cytoplasmic inhibitor IxBa. Low levels of TNF-
o uncouples this cytoplasmic retention of NF-xB.During normal cell activation,
nuclear translocation of NF-xB is preceded by phosphorylation and degradation of
IxBa. When phosphorylation is blocked IxBet remains intact, thereby, blocking
NF-xB translocation to the nucleus and subsequent activation of antiapoptotic genes
that cause TNF-a insensitivity. We transfected a “super-repressor”, which is a
mutated nondegradable IxBo resistant to phosphorylation and degradation. into
prostate cancer cells. This IkBa “super-repressor”, PCMV4-IkB,, ... blocked
the nuclear translocation of NF-kB by TNF-o.. Moreover, PCMV4-IxkB_.., (.,
mediated sensitization to TNF-o¢ overcame the TNF-q insensitivity of androgen
independent cells and forced them through apoptosis.

METHODS: PC-3 and LNCaP cells were stimulated with TNF-ot (10 ng/ml) for

24 hours in the presence or absence of (pCMV4-IxB

324 « s364) OT the empty vector

POR as a control. NF-kB activity was measured by
of the cytoplasmic IkBa protein were measured b

EMSA and the steady state levels
y Western blot. Secretory IL-6 and

IL-6 mRNA were measured by ELISA.

RESULTS: pCMV4-I!cBs32 4. s34 DIOcked the stimulation of NF-xB activity by
TNF:« in prostate cancer cells. This “super-repressor” blocked the subsequent
nuclear translocation of NF-xB and induction of IL-6 by TNF-c. Moreover, the
PCMVA4-IXB,, , . <. mediated sensitization to TNF-&t overcame the TNF-o
insensitivity of androgen independent cells and forced them through apoptosis.

CONCLUSIONS: We conclude that this data demonstrates that inhibition of
NF-xB selectively sensitizes previously insensitive prostate cancer cells to TNF-c.

Support: This work was supported by CaPCURE and SPORE grant PSOCA69568
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#774 The Role of Androgen and Cytokines in Prostate Cancer Cel| Ad-
hesion to Human Bone Marrow Endothelial Cell Monolayers. Cariton R.
Cooper, Jasmine Bhatia, Heather J. Muenchen, Lisa Mclean, Paul Poncza, and
Kenneth J. Pienta. University of Michigan, Ann Arbor, M, :
A previous study from our laboratory suggested that prostate cancer metas-
tasis to bone may be mediated, in part, by preferential adhesion to human bone
marrow endathelial (HBME) cells. The adhesion of tumor cells to endothelial cells
is mediated by cell adhesion molecules that are often modulated by cytokines.
Tumor necrosis factor—o (TNF-a) stimulates the surface expression of VCAM on
endothelial cells. This TNF-a inducing response in endothelial cells is enhanced
by androgen, dihydrotestosterone (DHT). Transforming growth factor—g (TGF-p)
stimulates the expression of a21integrin in bone—metastasizing PC-3 cels. In the

current study, we investigated the effects of the above cytokines and DHT
(singularly and in various combinations) upon HBME cells and prostate cancer
cells’ expression of VCA'M. a2 integrin subunit, and B1 integrin subunit by flow

above treatments significantly aitered the expression of selected CAMs on HBME
cell and neoplastic prostate cell Jines. As a control for TNF-« treatment, human
umbilical vein endothelial cells (HUVEC) were treated. VCAM-surface expression
was increased by 20 fold on TNF-«a treated HUVEC as compared to untreated
HUVEC. The treatment of HBME cell monolayers with various combinations of
cytokines and DHT prior to performing adhesion assays with PC-3 demonstrates
that treatments containing TGF-B reduced PC-3 cell adhesion to HBME cell




#2313 Repression of Androgen Receptor in Androgen-sensitive LNCaP
Prostate Cancer Cells through Inhibition of NF-xB. Heather J. Muenchen,
Din-Lii Lin, James D. Gendemnalik, Evan T. Keller, and Kenneth J. Pienta. Univer- ,
sity of Michigan, Ann Arbor, M.

Nuclear Factor-kB (NF-«B) is an inducible transcription factor résponsibie for
the activation of many genes. Its activation is tightly regulated by its endogenous
inhibitor, kB, which complexes NF-«B in the cytoplasm. Phosphorylation and
proteolytic degradation of IkB allows the release and nuclear translocation of -
NF-«B. NF-«B is also a known antagonist of the androgen receptor (AR). Both
NF-kB and AR compete for the transcriptional coregulator CREB-binding protein
(CBP), which they both require for their transcription. CBP has a greater affinity for
NF-xB, therefore, when NF-«B is active, AR is repressed. We have recently
demonstrated this phenomenon in the androgen-independent PC3 and DU-145
cell lines, which both constitutively express NF-«xB. By using an I«B “super-
repressor” (IkBm), which blocks phosphorylation of 1xB and subsequent translo-
cation and activation of NF-«xB, we have been able to relieve NF-xB's repression
of AR in these androgen-independent cell lines. Interestingly, the androgen-
sensitive LNCaP cell line, which expresses AR and moderate NF-«xB activity,
demanstrates repressed AR expression after stable transfection with the IxBm.
Both Western blot and RT-PCR analysis of LNCaP cells transfected with the
IkBm, demonstrate repressed AR activity with or without R1881 (synthetic an-
drogen). To our knowledge, this is the first case reported where NF-«B and AR
behave as agonists rather than antagonists. This repression of AR by blocking
NF-«B may be due to mutations, which exist within the AR of LNCaP cells,
however, this remains to be explored. The data presented here may give insight
as to how prostate cancer progresses from an androgen-dependent to an an-
drogen-independent state.




#674 Functional Androgen Receptor Re-Expression in Androgen-Inde-
Pendent Prostate Cancer Cells. Heather J. Muenchen, Din-Lii Lin, Paul J,
Poncza, Lisa |, McLean, Michelle L. Dirette, Evan T. Keller, and Kenneth J. Pienta.
Universiiy of Michigan, Ann Arbor, M.
fostate cancer is the second leading cause of cancer-related deaths in men in
the United States. The primary treatment for advanced disease is androgen
tion therapy, that is initially effective, but fails to destroy androgen-indepen-
Nt cells, which have a non-functional androgen receptor (AR) and do not require
androgen for their survival. These cells continue to multiply causing a relapse in
iSease, Androgen-independent prostate cancer cells, such as PC3 and DU-145,
Onstrate constitutive activation of the transcription factor, nuclear factor-«B
F-KB), which is a known antagonist of AR. NF-«B is retained in an inactive form
. 1€ Cytoplasm through association with its inhibitor 1kB. Following cellular
Stimulation, I« is phesphorylated and degraded, releasing NF-«xB, which trans-
8 to the nucleus and initiates transcription of many genes. By using an IkB
Per-repressor” (IkBm), which contains alanine substitutions at serines 32 and

36, we have been able to plock |xB phosphotylation and therefore, repress NF-«B
activation. Western blot analysis of PC3 and DU-145 cells transfected with the
[«kBm demonstrate re-expression of AR when treated with 10nM of R1881 (syn-
thetic androgen). Enhanced mRNA expression is also detected in PC3 cells stably
transfected with the IxBm and treated with R1881. Functionality of the AR was
determined by a luciferase assay, which showed that transfected cells demon-
strate increased AR activity when treated with 10 nM of R1881. Growth curve
analysis of transfected PC3 celis grown in charcoal stripped media and treated
with various doses of R1881 demonstrates androgen sensitivity, with a peak
response reaching 107, The antiandrogen, bicalutamide (Casodex), was able to
block praliferation of cells stimulated by R1881. Androgen sensitivity of trans-
fected cells was demonstrated by an in vivo growth curve analysis of SCID mice
injected with 10 x 10€ transfected cells, which demonstrate palpable tumors
within 1 week. Cantrol mice did not demonstrate palpable tumors until week 4.
Castration of 1kBm tumor-bearing mice showed an immediate decrease in tumor
volume, whereas castrated control mice continued increasing tumor volume. We
demanstrate that repression of NF-«B activity via transfection with the IkB “su-
per-repressor” results in re-expression of functional AR, thereby reversing andro-
gen-independence. These androgen-independent cells are now susceptible to
androgen ablation therapy, which will give prostate cancer patients hope for
longer and/or permanent remissions.
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#2331 Docetaxel Induces Different Apoptotic Pathways in Prostate Can-
cer Cells LNCaP and PC-3, Heather J. Muenchen, Paul J. Poncza, and Kenneth
J. Pienta. University of Michigan, Ann Arbor, Ml '

In the present study, we investigated the molecular machinery of docetaxe
(taxotere)-initiated death signaling on prostate cancer cells, LNCaP and PC-3.
Taxotere is a membper of the taxane family of chemotherapy agents. It has been
shown to disrupt microtubule dynamics causing mitotic arrest, which leads ta ce|
death. Taxotere has demonstrated induction of cell death in LNCaP and PC-3
cells. However, the pathways by which apoptosis occurs differs in each cel line.
respectively. Prostate cancer cells, LNCaP and PC-3, were treated with 40 nM of
taxotere for various time paints (0.5- 24 h). Western blot was used for protein
analysis. LNCaP cells demonstrate caspase-3 and -7 cleavage, whereas PC-3
cells show only caspase-8 and BID (BH3- interacting domain death agonist)
cleavage. Only LNCaP cells were observed to express clusterin expression while
PC-3 cells expressed a novel apoptosis inhibitor, survivin. In this study, we
demonstrate two distinctly different taxotere-induced apoptotic pathways in LN-
CaP and PC-3 cells that may be of clinical importance when treating prosiate
cancer,
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RENEWED SENSITIVITY TO ANDROGEN AND ANTI-
ANDROGEN IN ANDROGEN-INDEPENDENT PROSTATE
CANCER CELLS THROUGH RE-EXPRESSION OF ANDROGEN
RECEPTOR BY AN IxB “SUPER-REPRESSOR” Heather J
Muenchen*, Din-Lii Lin, Paul J Poncza, Lisa L McLean, Michelle L Dirette,
Evan T Keller, Kenneth J Pienta. Ann Arbor. MI

Introduction and Objectives: Through blocking NF-kB, we propose that
androgen receptor (AR) transcription will commence and previously androgen-
independent cells will revert to an androgen-sensitive state, leaving them
vulnerable to androgen ablation therapy. Androgen ablation therapy for advanced
disease is initially effective, but fails to destroy androgen-independent cells, which
continue to multiply causing a relapse in disease. Androgen-independent prostate
cancer cells, such as PC3 and DU-145, demonstrate constitutive activation of the
transcription factor nuclear factor-xB (NF-xB), which is a known antagonist of
AR. NF-«B is retained in the cytoplasm by its inhibitor 1«B. Following cellular
stimulation, IxB is phosphorylated and degraded. releasing NF-«B, which
translocates to the nucleus and intitiates transcription of many genes. By using an
IkB “super-repressor” (IkBm), we have been able to block IkB phosphorylation
and therefore, repress NF-«xB activation, causing re-expression of AR.

Methods: AR activity was detected by both Western blot and RT-PCR analysis.
A luciferase assay was used to confirm functionality of the AR. In vitro growth
curve analysis was used to determine renewed sensitivity toward androgen and
antiandrogen. Transfected and control cells were treated with varying dosages of
R1881 (synthetic androgen) over various time periods. The effectiveness of the
IxBm was tested in vivo by injecting SCID mice with 10 x 10° cells. Mice were
then castrated and tumor volume was evaluated.

Results: Western blot analysis of PC3 and DU-145 cells transfected with the
IxBm demonstrates re-expression of AR when treated with 10nM of RI1881.
RT-PCR demonstrates an increase in AR mRNA expression in transfected cells
treated with RI881. In virro growth curve analysis of transfected PC3 cells
demonstrates renewed sensivity toward androgen, reaching a peak response at 10°”.
The antiandrogen bicalutamide reverses this response. In vivo analysis
demonstrates decreased tumor volume in castrated mice transfected with the IkBm.
Control mice continued increasing tumor volume after castration.

Conclusions: We demonstrate that repression of NF-kB activity via
transfection with the IxB “super-repressor” results in re-expression of functional
AR, thereby reversing androgen-independence.
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IN ANDROGEN-SENSITI\'E LNCAP PROSTATE CANCER
CELLS Heather J Muenchen®. Din-Lii Lin, James J Gendernalik, Evan T
Keller, Kenneth J Pienta. Ann Arbor, MI

Introduction and Objectives: The mechanism by which prostate cancer cells
revert from an androgen-dependent to an androgen-independent or androgen-
sensitive state stills remains unanswered. Nuclear Factor-kB (NF-xB) is an
inducible transcription factor responsible for the activation of many genes. Its
activation is tightly regulated by its endogenous inhibitor. IxB, which complexes
NE-«B in the cytoplasm. Phosphorylation and proteolytic degradation of 1IxkB
allows the release and nuclear translocation of NF-xB. NE-«B is a known regulator
of insulin-like growth factor binding protein-2 (IGFBP-2). IGFBP-2 is one of six
binding proteins responsible for aliocating 1GF-I and 1GE-I1 to various body fiuid
compartments and tissues and to modulate IGF binding 10 receptors. IGF-1 has
been implicated as an androgen receptor (AR) transcription activator in LNCaP
cells. By using an IxB “super-repressor which blocks phosphorylation of IxkB, we
have successfully blocked NF- B activation. Blocking NF-«B represses activation
of many genes including, IGFBP-2. Without IGFBP-2, IGF-1 is unable to bind to
its receptor and subsequently activate AR transcription in LNCaP cells. By
repressing AR transcription, these formally androgen-sensitive cells are reverted to
an androgen-independent state. This data may assist in the effort to explain the
transition of prostate cancer cells from an androgen-dependent to an androgen-
independent or androgen-sensitive state.

Methods: Western blot analysis was used to determine AR and 1GFBP-2
activity of isolated protein from LNCaP cells stably transfected with the 1B
“super-repressor’ (ikBm). RT-PCR was used to determine AR and 1GFBP-2
mRNA activity of transfected cells. A luciferase assay was used to assess
functional AR activity in transfected cells.

Results: Western blot analysis of transfected cells demonstrates repression of
both AR and IGFBP-2 activity. RT-PCR demonstrates a decrease in the mRNA of
transfected cells. The luciferase assay confirmed that AR function is repressed in
cells transfected with the IkBm.

Conclusions: To our knowledge, this is the first case reported where AR
activity is repressed by blocking NF-xB transcription. This phenomenon is due to

inadvertent blocking of IGFBP-2. which reqixires NF-«B for its transcriptior
Without available IGFBP-2. IGE-1 is unable to bind to ils receptor and activye
wranscription of AR.




